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FOREWORD 


WE REPRINT, with the permission of the National Academy of Sciences, the summary 
report of the Committee on Genetic Effects of Atomic Radiation. This committee 
is one of six established to carry on a continuing study of the biological effects of 
atomic radiations. The other five committees are studying the effects of atomic 
radiations from the points of view of pathology, meteorology, oceanography and 
fisheries, agriculture and food supplies, and the disposal and dispersal of radioactive 
wastes. Reports summarizing the first technical findings and recommendations of the 
six committees were released in June by Dr. Detlev W. Bronk, President of the 
National Academy of Sciences. Copies of the reports may be obtained by writing to 
the National Academy of Sciences, 2101 Constitution Avenue, Washington 25, D. C. 

A British report on the same subject entitled, Hazards to Man of Nuclear and 
Allied Radiations was published last spring. It is available through H. M. Stationery 
Office for five shillings, six pence. The British Genetics Committee arrived at con- 
clusions very similar to those arrived at by the American Committee. This may well 
have been expected, however, since both committees had the same basic data to 
work with. 

In the foreword, which is not reprinted here, the members of the Committee state, 
“... this report will use just as few unfamiliar terms as possible, and will define those 
that are used. It should be understood that many of the statements made in this 
report would require various qualifications and a lot more detail to attain full tech- 
nical precision.” The Committee explains that, “The National Academy study is not 
directed toward the problems posed by wartime use of atomic weapons, nor toward 
the political aspects of atomic power. The study is only indirectly concerned with 
the social and economic aspects. In fact, the National Academy study, as its title 
indicates, is concerned with the possible biological hazards due to atomic and other 
radiations. And the present report, made by the Genetics Committee, is concerned 
with the genetic aspects of the possible biological hazards. As this report is read, it 
should become progressively clearer what these genetic aspects are.” 

The members of the Committee are: 


Warren Weaver, Chairman C. C. Little 
George W. Beadle H. J. Muller 
James F. Crow James V. Neel 
M. Demerec W. L. Russell 

G. Failla T. M. Sonneborn 
H. Bentley Glass A. H. Sturtevant 
Alexander Hollaender Shields Warren 


Berwind P. Kaufmann Sewall Wright 
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The original plan had been to publish along with the report, comments on it by 
several leading geneticists who were not members of the Committee. Unfortunately, 
summer vacations and meetings in Europe and Japan delayed many of the comments 
until they could not be included in this issue. Those which were received will be 
found in the Letters to the Editor section. 

The possible genetic effects of nuclear and other radiations on the future of the 
human race coupled with the inevitable great increase which will occur in such radia- 
tions in the foreseeable future make it urgent that all of us understand the problems 
involved. It is particularly imperative that the readers of this journal, because of 
their special training and occupations, be thoroughly conversant with the problem. 
It is hoped that by reprinting the report, and thus making it readily available to our 
readers we will stimulate analysis and discussion of what is probably the most im- 
portant problem of our time. 

Your comments, in the form of letters to the editor, are invited. 

ARTHUR G. STEINBERG 

The report follows: 


I. WHAT ARE WE WORRIED ABOUT? 


The coming of the Atomic Age has brought both hopes and fears. The hopes center 
largely around two aspects: the future availability of vast resources of energy; and 
the benefits to be gained in biology, medicine, agriculture, and other fields through 
application of the experimental techniques of atomic physics (isotopes, beams of 
high-energy particles, etc.). 

Gains in both of these areas can be of great benefit to mankind. Advances in medi- 
cine and agriculture are obviously desirable. The wide availability of power can also 
be of great benefit, if we use this power wisely. For not only should there be enough 
power to meet the more obvious and mechanical demands, there should be enough 
to affect society in much more far-reaching and advantageous ways, so as to reduce 
world tensions by raising the economic standards of areas with more limited resources. 

On the other hand, the Atomic Age also brings fears. The major fear is that of an 
unspeakably devastating atomic war. Along with this is another fear, minor as com- 
pared with total destruction but nevertheless with grave implications. When atomic 
bombs are tested, radioactive material is formed and released into the atmosphere, 
to be carried by the winds and eventually to settle down at distances which may 
be very great. Since it does finally settle down it has aptly been named “fall-out.” 

There has been much concern, and a good deal of rather loose public debate, about 
this fall-out and its possible dangers. 

Are we harming ourselves; and are there genetic effects which will harm our children, 
and their descendants, through this radioactive dust that has been settling down 
on all of us? Are things going to be still worse when presently we have a lot of atomic 
power plants, more laboratories experimenting with atomic fission and fusion, and 
perhaps more and bigger weapons testing? Are there similar risks, due to other sources 
of radiation, but brought to our attention by these atomic risks? 
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II. WHAT COMPLICATIONS ARE MET IN REACHING A DECISION? 


Now it is a plain fact, which will be explained in some detail later in this report, 
that radiations, ! penetrating the bodies of human beings, are genetically undesirable. 
Even very small amounts of radiation unquestionably have the power to injure the 
hereditary materials. Ought we take steps at once to reduce, or at least to limit, the 
amount of radiation which people receive? 

There are two major difficulties that make it very hard to decide what is sensible 
to do. First, although the science of genetics is as precise and as advanced as any 
part of biology, it has in general, and particularly in human genetics, not yet ad- 
vanced far enough so that it is possible to give at this time precise and definite answers 
to the questions: just how undesirable, how dangerous are the various levels of radi- 
ation; just what unfortunate results would occur? 

Second, even if the relevant questions concerning radiation genetics could be 
answered definitively that would be only part of the story. The over-all judgment 
(how much radiation should we have?) involves a weighing of values and a balance 
of opposing aims in regard to some of which the techniques of physical and biological 
science offer little help. 

What is involved is not an elimination of all risks, for that is impossible—it is a 
balance of opposed risks and of different sorts of benefits. And the disturbing and 
confusing thing is that mankind has to seek to balance the scale, when the risk on 
neither side is completely visible. The scientists cannot say with exact precision just 
what biological risks are involved in various levels and sorts of radiation exposure 
(these considerations being on one pan of the risk-scale); nor can anyone precisely 
evaluate the over-all considerations of national economic strength, of defense, and 
of international relations (all on the other pan of the scale). 


Ill. MUST WE THEN MOVE ENTIRELY IN THE DARK? 


Does this mean that geneticists have, at the moment, nothing useful to say on this 
grave subject? Fortunately, this is not the case. We do know something, though not 
nearly enough to give definite answers to a great many important questions. There is 
a considerable margin of uncertainty about much of this, and asa result, there are 
naturally some differences of opinion among geneticists themselves as to exact nu- 
merical values, although no disagreement as to fundamental conclusions. 

Many people, moreover, suppose science to be definite—open or shut. Things are 
supposed to be so or not so. And therefore some persons may, quite mistakenly, 
conclude that geneticists are unscientific because they do not completely agree on 
all details. 

In relatively simple fields, where both theory and experiment have progressed far, 
a comforting kind of precision does often obtain. But it is characteristic of the present 
state of human radiation genetics that one must carefully and painstakingly note a 
lot of qualifications, of special and sometimes very technical conditions, of cautious 


' Throughout this report the word “radiation” is not used in its broadest sense, but refers to 
certain kinds of high-energy radiations which are described in Section V. 
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reservations. The public should recognize that the attitudes and statements of geneti- 
cists about this problem of radiation damage have resulted from deep concern and 
from attempts to exercise due caution in a situation that is in essence complicated 
and is of such great social importance. 

It is not surprising that our knowledge of genetics—and especially human radiation 
genetics—is so fragmentary. What goes on inside cells and the effects of radiations 
on these processes are extremely complicated and subtle problems. To attack them 
successfully requires a tremendous lot of time; for the inherent variability of certain 
of these effects is such that to establish something with certainty one must do not 
one experiment but many thousands of individual tests and observations. To attack 
these problems also requires a high degree of special skill—and perhaps most of all, 
imaginative ideas which can be tested. 

Single-celled organisms, as well as fruit flies and corn plants, have been specially 
rewarding objects of genetic study. In evolutionary terms, however, insects and plants 
are clearly a long way from man, and we are really just beginning to get genetic 
information about the effects of radiation on some of the lower mammals, such as 
mice. Even so, several matters of profound importance have already become clear: 
bacteria or fruit fly, mouse or man, the chemical nature of the hereditary material is 
universally the same; the main pattern of hereditary transmission of traits is the 
same for all forms of life reproducing sexually; and the nature of the effects of high- 
energy radiations upon the genetic material is likewise universally the same in prin- 
ciple. Hence, when it comes to human genetics, where the impossibilities of ordinary 
scientific experimentation are clear and only a tantalizing start has been made, we 
can at least feel certain of the general nature of the effects, and need only to discover 
ways in which to measure them precisely. 


IV. HOW COULD WE REDUCE RADIATION RISK? 


The major ways to reduce our present and future exposure to radiations would be: 
a) to reduce medical and other use of Xrays as much as is feasible; b) to set and to 
observe regulations for the proper construction and the safe operation of nuclear 
power plants and for the methods used to dispose of their radioactive wastes as well 
as the methods used in mining and processing the fissionable material; c) to reduce 
the testing of atomic weapons and hence to reduce radioactive fall-out; d) to place 
limits on the human exposures involved in certain aspects of experimentation in 
atomic and nuclear physics. 

To carry out the steps just mentioned would, in greater or lesser degree for the 
various items, reduce radiation risks. Progress with regard to step a) can doubtless be 
achieved, although to go too far in reducing the medical use of Xrays would of course 
lead to the risk of poorer diagnosis and less effective treatment of disease. But to 
carry out steps b), c), and d) would subject us to a different set of risks. We might 
thereby impede progress in the nuclear field. We might seriously weaken our country’s 
position in the world. We might deny future generations some of the possible benefits 
of nuclear power and of other atomic discoveries. 


V. RADIOACTIVE MATERIAL AND RADIATIONS 


Now that the problem has been posed, and now that we are warned somewhat 
about the difficulties, we must begin to consider some of the more technical issues 
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involved. What is radioactive material, what are radiations, and what biological] 
effects do they have? 

By radioactive material is meant those naturally occurring substances such as 
radium, or those man-produced atoms resulting from atomic experiments, which are 
inherently unstable. Instead of remaining unchanged like ordinary atoms of familiar 
substances such as oxygen, gold, etc., the atoms of these radioactive substances act 
like alarm clocks set by mischievous gremlins for unknown times. Unpredictably 
(at least in individual instances, but predictably for the average behavior of a large 
number) these atomic alarm clocks “go off”; that is to say, they disintegrate. 

When radioactive material disintegrates it emits, along with other less penetrating 
and hence less significant rays, certain high-energy rays known as gamma rays. 
Some of these rays are entirely similar to a beam of light, except for the important 
distinction that they readily penetrate human tissue which is nearly opaque to 
ordinary light. Also the energy of these rays is much higher than that of light, and 
this enables them to produce chemical and biological changes in the tissue they 
traverse. Rays of this sort, which transport energy from one point in space to some 
other point, are in general referred to as radiations. We also class as radiations beams 
of minute particles travelling at high speeds—such as electrons or neutrons which 
when they hit matter produce effects like those of the radiation mentioned. 

As indicated above, gamma rays are emitted by naturally occurring radioactive 
substances, such as radium. They are also emitted by the radioactive materials which 
are produced in the nuclear fission which occurs in atomic weapons testing, in nuclear 
power installations, and in various sorts of experimental installations. These same 
rays, in dilute amounts, impinge on and penetrate all of us all the time. For radio- 
active material is, as an inevitable and hence normal procedure, built into the soil, 
rocks, plants, etc., and for that matter is also built into our own bodies. Similarly, 
such material exists on the luminous dials of our watches and clocks. The familiar 
Xrays of the hospitals and tuberculosis clinics, and in the offices of dermatologists 
and dentists, have properties of penetration and energy which are similar to gamma 
rays. 

Throughout this report, the word “radiation” refers primarily to gamma rays 
and/or Xrays, sometimes to other sorts of radiations as will be more particularly 
mentioned later. 

Everyone knows what a pound of beefsteak is, or a yard of cloth. We do not have 
that sort of familiarity with amounts, or units, or dosages of radiation. X or gamma 
radiation is measured in units called roentgens (abbreviated r; for example, “‘a dose 
of 3r”). Dental Xrays involve a dose (to the reproductive organs or gonads, that 
being the important matter from the point of view of genetics) of about 0.005 r; 
and a general fluoroscopic examination may involve a dose of 2r or even more. 


VI. SOME BASIC FACTS ABOUT GENETICS 


Before we ask what effect radiations have on genetic processes, we must review 
a little basic information about genetics itself. 

Every cell of a person’s body contains a great collection, passed down from the 
parents, the parents’ parents, and so on back, of diverse hereditary units called 
genes. These genes singly and in combination control our inherited characteristics. 
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These genes, as was just stated, exist in every cell of the body. But from the genetic 
point of view the ordinary “body cells,”” which make up the body as a whole, are not 
comparably as important as the “germ cells” which exist in the reproductive organs, 
and which play the essential roles in the production of children. 

The genes are strung together, single-file, to form tiny threads of genetic material 
called chromosomes, which are visible under a microscope. These chromosomes, in 
ordinary body cells, customarily exist as similar but not identical pairs. Human 
body cells normally contain 48 chromosomes, these constituting two similar but not 
identical sets of 24 chromosomes each. One of these sets of 24 chromosomes was 
inherited from the mother, for the egg cell carries a set of 24 chromosomes; and the 
other set of 24 chromosomes was inherited from the father, for the sperm cell also 
carries a set of 24. 

All the genes that a person starts out with when the original egg cell is fertilized 
are in general kept unchanged as the cells divide and the person’s body is elaborated 
and maintained. The process by which the dividing cells duplicate the genes may 
not always produce perfect copies, but it does so in general. But genes do nevertheless 
essentially change. They are changed by certain agents, notably by heat, by some 
chemicals, and by radiation. It is with the last of these three agents of gene change 
that we are concerned in this report. 

When a gene becomes permanently altered, we say it mutates. The gene in its 
altered form is then duplicated in each subsequent cell division. If the mutant gene 
is in an ordinary body cell, then it is merely passed along to other body cells; but 
the mutant gene, under these circumstances, is not passed on to progeny, and the 
effect of the mutant gene is limited to the person in whom the mutation occurred. 

However, it cannot safely be assumed that the effect is a negligible one on the 
person in whom the mutation occurred, nor can it properly be said that this effect is 
nongenetic, even though passage to offspring is not involved. For various kinds of 
cellular abnormalities are known to be perpetuated within an individual through 
body-cell divisions; so these effects are genetic in the broad sense. 

What is involved here is not only mutant genes, but also larger scale disruption 
of the genetic material, such as breakage of chromosomes. 

The quantitative relations are not yet clear, but it is established that certain 
malignancies such as leukemia, and certain other cellular abnormalities can be induced 
by ionizing radiations. There is also some evidence that effects of this sort measurably 
reduce the life expectancy of the individual receiving the radiation. These risks have 
genetic aspects and therefore should receive mention in this report. Indeed these 
direct risks to the individuals exposed may well constitute another adequate genetic 
reason for limiting radiation exposures to the lowest practicable levels. 

To return to a consideration of the risks which are passed on to progeny, the 
mutant gene may exist in a sperm or an egg cell as a result of a mutation having 
occurred either in that cell or at some earlier cell stage. In this case, a child resulting 
from this sperm or egg will inherit the mutant gene. 

If we were to take the two chromosomes of a similar pair, stretch them out straight, 
and put them alongside each other, then each gene of one would be opposite a cor- 
responding gene in the other. Thus the genes exist in pairs, as do the chromosomes. 
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The two members of each pair of genes are not always identically the same. That is, 
in fact, why we call the chromosome pairs similar rather than identical. The two 
genes of a corresponding pair play similar roles, in that they both affect or help to 
determine the same characteristic of the whole organism. But one of the two may 
have a somewhat different, or a much more powerful effect than the other. 

Thus of a certain pair of genes, both might be concerned with hair color. If both 
genes of this hair-color pair are the sort which favor red hair, then the person has 
red hair. If both genes are the sort which favor non-red hair (black, brown, or blond) 
then the person has non-red hair. But suppose that, of this pair of hair-color genes, 
one favors red hair and the other non-red hair. What happens then? 

The answer (husbands and wives will understand this) is that one of the two 
usually dominates the situation and gets its way, although (and again this seems 
reasonable) the meeker one of the two usually manages to avoid being completely 
ignored. 

Thus with one non-red gene (this being the powerful and dominant one of the 
two), and one red gene (this being the meeker one), the hair is ordinarily not red, 
but the red gene may nevertheless produce some effect, a little red showing in the 
hair so as to make it faintly rusty or tawny in color. 

The powerful type of gene, which gets all or most of its own way in contrast to its 
companion gene, is very naturally called a dominant gene. The less effective type is 
called a recessive gene. In this same terminology, non-red hair color is called a dominant 
characteristic, whereas red hair color is called a recessive characteristic. A recessive 
characteristic actually fully appears only if both of the relevant genes are of the 
recessive type. Of great importance for our present study is the fact that mutant 
genes—genes which have, for example, been changed by radiations—are usually of 
the recessive type. 

It is now easy to see that any organism may have, latent in its genetic constitution, 
ineffectual or recessive genes that have not had much of a chance to become apparent 
in its developed external characteristics, since the recessive genes are masked by 
their dominant companion genes. Yet often, as we have seen, this dominance is 
incomplete and the recessive gene is able to manifest itself partially. 

When the two genes of a pair are alike (both recessive or both dominant) then 
they are called a homozygous pair; but when one is recessive and the other dominant, 
then the pair is called heterozygous. Thus a recessive characteristic (like red hair) 
can be fully expressed only when the corresponding gene pair is homozygous. 


VII. RADIATIONS AND GENETIC MUTATIONS 


We are now in a position to indicate why it is that radiations, such as Xrays or 
gamma rays, can be so serious from the genetic point of view. For although the genes, 
as described above, normally remain unchanged as they multiply and are passed on 
from generation to generation, they do very rarely change, or mutate; and radiation, 
as we have already mentioned, can give rise to such changes or mutations in the genes. 


? The accurate and complete genetic story about red hair is more complicated than has been 
stated here. There are less familiar characteristics—thalassemia and sickle cell anemia for example 
~which more strictly conform to the simple pattern here described. 
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The change is presumably an alteration in the complicated chemical nature of the 
gene, and the energy furnished by the radiation is what produces the chemical change. 
Mutation ordinarily affects each gene independently; and once changed, an altered 
gene then persists from generation to generation in its new or mutant form. 

Moreover, the mutant genes, in the vast majority of cases, and in all the species so 
far studied, lead to some kind of harmful effect. In extreme cases the harmful effect 
is death itself, or loss of the ability to produce offspring, or some other serious ab- 
normality. What in a way is of even greater ultimate importance, since they affect so 
many more persons, are those cases that involve much smaller handicaps, which 
might tend to shorten life, reduce number of children, or be otherwise detrimental. 

The changed character, due to the mutated gene, seldom appears fully expressed 
in the first generation of offspring of the person who received the radiation and thus 
had one of his genes mutated. For these mutant genes are usually recessive. If a 
child gets from one parent a mutant gene, but from the other parent a normal gene 
belonging to that pair, then the normal gene is very likely to be at least partially 
dominant, so that the normal characteristic will appear. 

But this is not all of the story. For, like the red-hair gene, the harmful recessive 
mutant genes are not usually completely masked. Even when paired with a normal 
and dominant gene, that is to say even when in the heterozygous state, they still 
have some detrimental effect. This “heterozygous damage” is ordinarily much smaller 
than the full expression of the mutant when in the homozygous state, and yet there 
may be a significant shortening of the length of life or reduction of the fertility of the 
heterozygous carriers of the mutant. And the risk of heterozygous damage applies 
to many more individuals, indeed to every single descendant who receives the gene. 

The relations of genes to ordinary traits (not to the most simply determined bio- 
chemical traits) are of course much more complex than the previous paragraph 
would seem to imply. Such gene-determined traits may vary from person to person, 
due perhaps to environmental differences, and often may not even appear at all. 
A single gene usually affects several such characters, and characters are practically 
always affected by many genes. Also the effect of a gene may depend on what other 
genes are present, often in a complex way. For example, a mutation tending to in- 
crease weight might be harmful to certain persons, but beneficial to others. 

Indeed it is likely that a large fraction of the genes that determine normal varia- 
bility are of this rather ambiguous type that are sometimes deleterious, sometimes 
not. Mutations within this sort would not necessarily be harmful. Such mutations 
presumably occur, but geneticists do not know what fraction of all mutations are 
of this type, for they are not ordinarily detectable. However, the mutations that 
form the basis of this report are those that are relatively detectable, and these, as 
mentioned earlier, are almost always harmful. 

Individuals bearing harmful mutations are handicapped relative to the rest of the 
population in the following ways: they tend to have fewer children, or to die earlier. 
And hence such genes are eventually eliminated—soon if they do great harm, more 
slowly if only slightly harmful. A mildly deleterious gene may eventually do just as 
much total damage as a grossly and abruptly harmful one, since the milder mutant 
persists longer and has a chance to harm more people. 


GENETIC EFFECTS OF ATOMIC RADIATION 215 


In assessing the harm done to a population by deleterious genes, it is clear that 
society would ordinarily consider the death of an early embryo to be of much less 
consequence than that of a child or young adult. Similarly a mutation that decreases 
the life expectancy by a few months is clearly less to be feared than one that in ad- 
dition causes its bearer severe pain, unhappiness, or illness throughout his life. Per- 
haps most obviously tangible are the instances, even though they be relatively un- 
common in which a child is born with some tragic handicap of genetic origin. 

A discussion of genetic damage necessarily involves, on the one hand, certain 
tangible and imminent dangers, certain tragedies which might occur to our own 
children or grandchildren; and on the other hand certain more remote trouble that 
may be experienced by very large numbers of persons in the far distant future. 

No two persons are likely to weigh exactly alike these two sorts of danger. How 
does one compare the present fact of a seriously handicapped child with the possibility 
that large numbers of persons may experience much more minor handicaps, a hun- 
dred or more generations from now? 

There are thoughtful and sensitive persons who think that our present society 
should try to meet its more immediate problems, and not worry too much about 
the long-range future. This viewpoint is in some instances supported by the belief 
that new ways, perhaps unimaginable at the moment, are likely eventually to be 
found for meeting problems. 

There are other thoughtful and conscientious persons who think that we are spe- 
cifically responsible for guarding, as well as we can now determine, the long future. 

Recognizing the inevitability and propriety of both viewpoints, and recognizing 
that they lead different persons to express their concerns through different examples 
and with differing emphases, the fact of major importance for this present study is 
that, travelling by different routes, different geneticists arrive at the same conclusion: 
Complexities notwithstanding, the genetic damage done, however felt and however measured, 
is roughly proportional to the total mutation rate. 


VIII. MUTANT GENES AND EVOLUTION 


Many will be puzzled about the statement that practically all known mutant 
genes are harmful. For mutations are a necessary part of the process of evolution. 
How can a good effect—evolution to higher forms of life—result from mutations 
practically all of which are harmful? 

First of all, it is not mutations which, of themselves, produce evolution, but rather 
the action of natural selection on whatever combinations of genes occur. Much of 
evolutionary progress probably depends on changes within the range of normal 
variability, and thus depends on genes of very small effect, and of the type mentioned 
in the previous section which are favorable or unfavorable depending on what other 
genes are present. Thus evolution consists of a complex shifting of frequencies of 
such genes, accompanied by the continuous process of elimination of detrimental 
mutations and the occasional incorporation into the population of a favorable muta- 
tion. 

Nature had to be rather ruthless about this process. Many thousands of unfortu- 
nate mutations, with their resulting handicaps, were tolerated, just so long as an 
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advantageous mutation could be utilized, once in a long while, for inching the race 
up slightly higher to a better adjustment to the existing conditions. The rare creature 
with an advantageous combination of genes was better fitted to survive and displace 
his less favored companions, and thus evolution was served, even though there were 
thousands of tragedies for every success. 

The reader may be troubled by a second difficulty. If mutation results in at least 
some favorable types, and if these are building blocks of evolution, why is an increase 
in mutation rate regarded as undesirable? Why wouldn’t an increase in mutation 
rate produce a larger total number of the favorable types and so speed up evolution? 
If the favorable types are normally quite rare, wouldn’t it almost seem that increasing 
the mutation rate would be desirable? The answer to this question lies in the con- 
sideration that the bad effects of mutation must be balanced against the good. Some 
mutation is necessary for evolution, but if the mutation rate is too high, the un- 
favorable mutations will be so numerous that the species and its future evolution 
will be handicapped. Under present-day conditions of living and medical care, it 
seems unlikely that the unfavorable results of mutation are being eliminated nearly 
as rapidly as was formerly the case. In other words, one of the consequences of the 
amazing mastery of his environment which man has achieved has been an actual 
decrease in the severity of natural selection. 

Geneticists in fact believe that although favorable mutations are rare compared 
with unfavorable ones, the human population probably already has, and will continue 
to have as a result of its present mutation rate and without additional mutations 
from increased radiation, a large enough total supply of favorable, partially favorable, 
and potentially favorable mutations. In other words, with our present mutation 


rate we shall continue to have a degree of genetic variability adequate for further 
evolution. 


IX. WHAT, THEN, CAN GENETICISTS SAY TO HELP RESOLVE OUR PROBLEM? 


With the background furnished by the preceding discussion, we can now state 
rather concisely certain maia points on which geneticists are in substantial agreement. 
Some of these points will partially repeat statements already made, but they are 
included here in order that this section be reasonably complete of itself. 

1) Radiations cause mutations. 

Mutations affect those hereditary traits which a person passes on to his children 
and to subsequent generations. 

2) Practically all radiation-induced mutations which have effects large enough to 
be detected are harmful. 

A small but not negligible part of this harm would appear in the first generation 
of the offspring of the person who received the radiation. Most of the harm, however, 
would remain unnoticed, for a shorter or longer time, in the genetic constitution of 
the successive generations of offspring. But the harm would persist, and some of it 
would be expressed in each generation. On the average, a detrimental mutation, no 
matter how small its harmful effect, will in the long run tip the scales against some 
descendant who carries this mutation, causing his premature death or his failure to 
produce the normal number of offspring. 
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Although many mutations do disturb normal embryonic growth, it is not correct 
that all, or even that most mutations, commonly result in monstrosities or freaks. 
In fact, the commonest mutations are those with the smallest direct effect on any 
one generation—the slight detrimentals. 

3) Any radiation dose, however small, can induce some mutations. There is no 
minimum amount of radiation dose, that is, which must be exceeded before any 
harmful mutations occur. 

4) For every living thing—bacterium, fruit fly, corn plant, mouse, or man—thers 
exist mutations which arise from natural causes (cosmic rays, naturally occurring 
radiations from radium and similar substances, and also from heat and certain chemi- 
cals). These naturally occurring, and hence unavoidable, mutations are usually 
called “spontaneous mutations.” 

Like radiation-induced mutations, nearly all spontaneous mutations with de- 
tectable effects are harmful. Hence these mutations tend to eliminate themselves 
from the population through the handicaps or the tragedies which occur because 
the persons bearing these mutants are not ideally fitted to survive. 

We all carry a supply of these spontaneous mutant genes. The size of this supply 
represents a balance between the tendency of mutant genes to eliminate themselves, 
and the tendency of new mutants to be constantly produced through natural causes. 

5) Additional radiation (that is, radiation over and above the irreducible minimum 
due to natural causes) produces additional mutations (over and above the spontaneous 
mutations). The probable number of additional induced mutations occurring in an 
individual over a period of time is by and large proportional to the total dose of 
extra radiation received, over that period, by the reproductive organs where the germ 
cells are formed and stored. To the best of our present knowledge, if we increase 
the radiation by X%, the gene mutations caused by radiation will also be increased 
by X%. 

The total dose of radiation is what counts, this statement being based on the fact 
that the genetic damage done by radiation is cumulative. 

A larger amount of radiation produces a larger number of mutations. But within 
the limits of the radiation doses being considered in this report there is every reason 
to expect that these additional mutants would be of the same general sort as those 
produced by the natural background radiation. That is to say, mildly larger doses of 
radiation would produce more, but not worse, mutants. 

6) From the above five statements a very important conclusion results. It has 
sometimes been thought that there may be a rate (say, so much per week) at which a 
person can receive radiation with reasonable safety as regards certain types of direct 
damage to his own person. But the concept of a safe rate of radiation simply does 
not make sense if one is concerned with genetic damage to future generations. What 
counts, from the point of view of genetic damage, is not the rate; it is the total ac- 
cumulated dose to the reproductive cells of the individual from the beginning of his life 
up to the time the child is conceived. 

What is genetically important to a child is the total radiation dose that child’s 
parents have received from their conception to the conception of the child. Since 
this report necessarily deals with averages, the significant total dose period should 
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be, at least approximately, the number of years that normally elapses from the 
conception of a person to the average time at which offspring are conceived. In the 
United States, based on 1950 data, the average age of fathers at the births of all 
children is 30.5 years, whereas the average age of both parents is 28.0 years. It there- 
fore seems sensible for us to use the round figure of 30 years, especially since this 
figure is the one usually chosen to measure a generation. Using this 30-year figure 
for characterizing the “total reproductive life radiation dose” would have the result 
that about half of the total offspring would receive the possible effects of a smaller, 
and about half the possible effects of a larger, radiation dose. 

7) The problems of defining and estimating genetic damage are very difficult ones. 

There are at least three different aspects which must be considered. The first aspect 
places emphasis on the risk to the direct offspring and later descendants of those 
persons who, from occupational hazard or otherwise, receive a radiation dose sub- 
stantially greater than the average received by the population as a whole. 

The second aspect refers to the effect of the average dose on the population as a 
whole. 

The third aspect refers in still broader terms to the possibility that increased and 
prolonged radiation might so raise the death rate and so lower the birth rate that 
the population, considered as a whole, would decline and eventually perish. We are 
at present extremely uncertain as to the level of this fatal threshold for a human 
population. This is one reason why we must be cautious about increasing the total 
amount of radiation to which the entire population is exposed. 

These three approaches to the problem of genetic damage involve estimating the 
damage in successive generations and also the total damage in all generations, due 
to an increase in the amount of mutation. The relative emphasis one places on these 
three aspects depends in part on whether one thinks primarily in terms of distress to 
individual persons, or whether one thinks in terms of the population as a whole. 
Necessarily involved is the contrast between manifest harm to a few, and less evident 
but no less unreal harm to many. Also involved is the contrast between a more short- 
term and a more long-range point of view. 

One way of thinking about this problem of genetic damage is to assume that all 
kinds of mutations on the average produce equivalent damage, whether as a drastic 
effect on one individual who leaves no descendents because of this damage, or a 
wider effect on many. Under this view, the total damage is measured by the number 
of mutations induced by a given increase in radiation, this number to be multiplied 
in one’s mind by the average damage from a typical mutation. 

Measuring total damage in terms of the number of mutations does indeed neces- 
sarily involve this concept of the average damage from a typical mutation, and 
some geneticists find this concept difficult and illusive. They would point out that 
mutations may be grouped in classes that differ, on a subjective scale, many thousand- 
fold in the amount of damage per mutation. As examples they would cite a mutation 
which results in very early death of an embryo (which might cause very little social 
or personal distress), and a mutation which results in severe malformation to a 
surviving child, (which would cause very great personal distress and which clearly 
involves a social burden). 
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Rather than utilizing this concept of the average total damage per mutation, 
some geneticists prefer to start with a consideration of the tangible damage which 
occurs now, as a result of the current rate of mutation and get an index of damage 
by multiplying this by the ratio of the expected new mutation rate to the current one. 
This procedure, however, admittedly deals with only part of the total damage; so 
an alternative difficulty faces those who prefer this procedure, namely the difficulty 
of estimating what part of the total damage they have dealt with. 

As an illustration of the first aspect, suppose that ten thousand individuals were 
exposed to a large dose of radiation, of the order of 200 r. Then perhaps one hundred 
of the children of these exposed individuals would be substantially handicapped, 
this being in addition to the number handicapped from other causes. In this case 
the connection with the radiation exposure could be established by a statistical study. 

As an illustration of the second aspect, suppose the whole population of the United 
States received a small dose of extra radiation, say 1 r. Then there is good reason 
to think that, among a hundred million children born to these exposed parents, there 
would be several thousand who would be definitely handicapped because of the 
mutant genes due to the radiation. But these several thousand handicapped children 
might be, so to speak, lost in the crowd. Society might be more impressed by the 
one hundred more obvious cases of the preceding paragraph than by the more hidden 
several thousand cases of this paragraph. 

We should not disregard a danger simply because we cannot measure it accurately, 
nor underestimate it simply because it has aspects which appeal in differing degrees 
to different persons. Two conclusions seem to be clear and of importance: We should 
proceed with due caution as regards all agents which cause mutations; and we should 
vigorously pursue the researches which will in time give us a more precise way of 
judging all aspects of the risk. 


X. SOME REMARKS ABOUT APPROXIMATE ESTIMATES 


Up to this point of the discussion the conclusions of the geneticist are pretty clear; 
the mutant genes induced by radiation are generally harmful, and the harm cannot 
be escaped. 

But as yet this report has not furnished much of a basis for converting these con- 
clusions into practical advice. Remembering that we must eventually balance risk 
against risk, it is obviously desirable to try to learn, as definitely as circumstances 
permit, the answer to the question: how great would be the genetic harm done by 
various doses of radiation? 

Section XII of this report will respond to this question. But before giving the 
various replies, there should be some preliminary explanation concerning the nature 
of the answers given. 

Science, and particularly the branch which deals with the physical world about 
us, has succeeded in giving highly precise answers to many questions. When one 
talks about the velocity of light he does not need to say that it is something like three 
hundred thousand kilometers per second: he is justified in saying that it is 299,793 
km. per second, and that the final integer is almost certainly not off by more than 
two units. 
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But when you ask an experienced surgeon what your chances are of surviving a 
serious operation, and if he answers “something like nine chances out of ten,” then 
you accept that as a reasonable and helpful estimate. You do not distrust him because 
he gives you a rough estimate. Indeed you would have good cause to distrust him 
if he tried to give a highly precise answer. 

In other words, there are many situations in which science can give only rough 
estimates. These estimates can nevertheless be very useful. No one should disdain 
such an estimate because it is rough, nor should anyone consider such estimates 
unscientific. 

In Section XII there will be stated the results of certain approximate calculations. 
The theory behind these calculations is on the whole well understood; but it is seldom 
the case that one knows with much accuracy the numerical values that enter into 
the calculations. One may, for examply, say, “I don’t know, in any direct measured 
sense, how many mutants would result if all the genes in a human fertilized cell 
received one roentgen of radiation. But using a pretty definitely known value for 
the mutation rate in certain genes of the mouse; and also knowing fairly well (in 
this case from experiments with fruit flies) how to pass from the measured rate for a 
few genes to the rate which probably applies to a germ cell as a whole; and then 
making the unfortunate but necessary assumption that these mouse and fruit fly 
figures apply reasonably well to man—using this procedure I come out with estimates 
for the number of mutants which would be produced in man by a given dose of 
radiation. Because of the uncertainties, I think it prudent to state not a single final 
result, but rather a range of result with estimated lower and upper limits. I wish 
that we had direct experimental evidence which would firm up this estimate. But 
I don’t have to be too apologetic, for a large amount of biological reasoning has 
been successfully based on this sort of procedure. Man differs widely from lower 
forms of life in all the obvious, and in many other, respects. But the fundamental 
processes inside cells tend to be curiously alike, from the simplest creature of a single 
cell, up to man.” 

It may turn out that the uncertainties in the quantities which enter the calculation 
are so great that the resulting uncertainty in the final answer is itself so very broad 
that the calculation simply does not furnish a useful estimate. But it may also turn 
out that, despite some considerable uncertainty in the constituent factors, the answer 
can be stated with a range of uncertainty which is small enough so that the estimate 
is useful. 

It seems necessary to emphasize this matter of approximate estimation, so that 
no one will improperly conclude that a statement is unreliable because it involves a 
range of values. On the contrary, such a statement, when made in a situation like 
the present one, should be viewed as all the more dependable precisely because it 
does not pretend to an unwarranted accuracy. 


XI. HOW MUCH RADIATION ARE WE NOW RECEIVING? 


If we are to talk about how harmful certain radiation doses may be, we should 
gain some idea of the amount of radiation we are already receiving from various 
sources. 
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The Committee will release a report specially devoted to this particular subject, 
which summarizes in detail all the kinds, sources, and amounts of radiation. In the 
present report, only that minimum amount of information will be given which is 
necessary for our current discussion. 

Neglecting several minor contributions (all of which will be treated in the longer 
report), man is at present receiving radiations from the following: 

1) Background Radiation 

This is the radiation which results from natural causes (cosmic rays, naturally 
occurring radium, etc.) not under our control. Each person receives on the average a 
total accumulated dose of about 4.3 roentgens over a 30 year period. At high alti- 
tudes this dose is greater, because of the increase of cosmic rays. Thus this background 
is as high as 5.5 r in some places in the United States. 

2) Medical X Rays 

According to present estimates, each person in the United States receives, on the 
average, a total accumulated dose to the gonads which is about 3 roentgens of X- 
radiation during a 30 year period. Of course, some persons get none at all; others 
may get a good deal more. 

3) Fall-out from Weapons Testing 

The Atomic Energy Commission’ is doing a technically competent and a socially 
conscientious job of measuring fall-out: but it does not follow from this that one can 
answer, with high precision, all questions about the biological risks involved. What 
they usually measure (which, technically speaking, is a beta-ray activity in air) 
has to be translated over into what is genetically important (namely, the gamma 
ray dose to the gonads). The estimation of the latter of these quantities from the 
former is a pretty complicated business. 

Beside those just mentioned, there are certain further uncertainties in the fall-out 
values. The measurements are necessarily taken far apart, and there is known to be 
considerable local variation due to meteorological conditions and topography. The 
radioactive dust, when it settles out of the air, is subject to weathering, as when 
it is washed off of buildings by the rain and carried to locations where it may affect 
fewer persons. Also individuals inside houses, or other shelters, will be considerably 
less exposed than those in the open air. 

Thus one cannot expect the figures on fall-out to be very precise ones. We have 
been informed that the AEC scientists are confident that the actual true dose figures 
are less than five times their stated estimates, and are also greater than one fifth of 
these stated estimates. 

It should be noted that the figures on fall-out as stated by the Atomic Energy 
Commission make only a conservative correction for weathering and shelter; and 
thus their figures, at least in regard to this point, tend to overstate the danger rather 
than the opposite. 

With these understandings, it may be stated that U. S. residents have, on the 
average, been receiving from fall-out over the past five years a dose which, if weapons 
testing were continued at the same rate, is estimated to produce a total 30-year 
dose of about one tenth of a roentgen; and since the accuracy involved is probably 


* Under the Department of Defense other measurements, relating to fall-out, are also being made. 
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not better than a factor of five, one could better say that the 30-year dose from 
weapons testing if maintained at the past level would probably be larger than 0.02 
roentgens and smaller than 0.50 roentgens. 

The rate of fall-out over the past five years has not been uniform. If weapons 
testing were, in the future, continued at the largest rate which has so far occurred 
(in 1953 and 1955) then the 30-year fall-out dose would be about twice that stated 
above. The dose from fall-out is roughly proportional to the number of equal sized 
weapons exploded in air, so that a doubling of the test rate might be expected to 
double the fall-out. 

The figures just stated are based on all information now available from both the 
Atomic Energy Commission and the Armed Forces, and have been estimated as 
part of a study carried out for this Committee by Dr. John S. Laughlin, Chief of 
the Division of Physics and Biophysics, Sloan-Kettering Institute, and Dr. Ira 
Pullman, loaned to this study by the Nuclear Development Corporation of America. 
In their estimation correction has been made for weathering and shelter effects in 
accordance with the latest experimental data. 

4) Atomic Power Plants 

As yet the general population has not received radiation from atomic power plants 
or from the disposal of radioactive wastes. These are future sources of radiation that 
might become dangerous. 

5) Occupational Hazards 

The preceding four points apply to everyone. Unless proper precautions are taken, 
persons who are close to equipment emitting X rays, who are engaged in experimental 
work in atomic energy, who operate atomic plants, who test weapons, who mine or 


otherwise handle radioactive material, etc., are subject to the risk of greater radiation 
exposure during their work. 


XII. HOW HARMFUL ARE RADIATION-INDUCED MUTATIONS? 


As has already been indicated, there are various ways of estimating genetic harm, 
various attitudes which can be taken as to what is most serious and significant. 
But this situation should not be allowed to confuse or conceal the massive fact that, 
by whatever chain of argument or reasoning, all geneticists come out with the same 
basic conclusions. 

A) Thus the first and unanimous reply to the question posed by the title to this 
section is simply this: Any radiation is genetically undesirable, since any radiation 
induces harmful mutations. Further, all presently available scientific information 
leads to the conclusion that the genetic harm is proportional to the total dose (that is, 
the total accumulated dose to the reproductive cells from the conception of the 
parents to the conception of the child). This tells us that a radiation dose of 2X 
must be presumed to be twice as harmful as a radiation dose of X; but it still doesn’t 
tell us the amount of harm we would be doubling. 

B) Second we remember that mankind has for ages been experiencing, as the 
so-called spontaneous mutations, a certain rate of (generally harmful) mutations 
due to natural and uncontrolled causes (cosmic rays, heat, chemicals, etc.). It is not 
entirely unnatural to think of this burden of mutations as a sort of “normal” burden 
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on society*. Therefore it seems to be illuminating to ask: how much additional “man- 
made” radiation will it take before this “natural” amount of genetic mutation (to 
which we are at least in some senses adjusted) will be doubled? 

The calculations which lead to an estimate of this “doubling dose” necessarily 
involve the rates of both spontaneous and radiation-induced mutations in man. 
Neither of these rates has been directly measured; and the best one can do is to 
use the excellent information on such lower forms as fruit flies, the emerging infor- 
mation for mice, the few sparse data we have for man—and then use the kind of 
biological judgment which has, after all, been so generally successful in interrelating 
the properties of forms of life which superficially appear so unlike but which turn 
out to be so remarkably similar in their basic aspects. 

In view of the inevitable uncertainties, it is rather surprising that the final esti- 
mates, as made by numerous specialists of this Committee and in other countries, 
do not differ more than they do. The lowest figure which has been responsibly brought 
forward for the doubling dose is 5 r, and the largest estimates range up to 150 r or 
even higher. Recent work with mice (which are, after all, mammals) gives some basis 
for thinking that the doubling dose is not as high as 150 r. The experience in Japan 
gives some basis for thinking that the doubling dose is larger than 5 r. Indeed it is 
clear that the doubling dose must be at least as large as the background radiation 
(which is between 4 and 5 r, over 30 years, in the United States). This, in fact, would 
be the value of the doubling dose if spontaneous mutations were due to background 
radiation alone, heat and chemical agents making no contribution. 

Thus various arguments reduce the 5-150 r range, and several experienced geneti- 
cists have recently made estimates in the narrower range of 30 r to 80 r. 

In summary then of this particular point: Each individual, on the average in- 
evitably experiences during his reproductive lifetime a certain number of harmful 
spontaneous mutations from natural causes. He would experience an additional 
equal number of harmful mutations if he received a certain dose of radiation during 
that same period. This is known as the “doubling dose.” The actual value of the 
doubling dose is almost surely more than 5 r and less than 150 r. It may very well 
be from 30 r to 80 r. 

The first portion of this Section (XII) said that twice as much radiation gives twice 
as much harm. This second portion goes a bit further. It says that something like 
30 r to 80 r (or at a further extreme, 5 r to 150 r) of extra radiation dose would do 
mankind twice the harm it is now experiencing from spontaneous mutations. 

C) The two preceding portions of this Section are clearly not really satisfying. 
They do indicate in quantitative terms how increases in radiation increase the harm. 
But anyone still wants to know in more specific terms, if possible, how serious is 
this harm that we may be doubling. If city traffic increases until the risk of crossing 
the street is doubled, then we will presumably still cross the street; for the risk per 
crossing is, after all, a very small one. If highway traffic increases until the risk in 
taking’ a thousand-mile drive is doubled, then many persons might well hesitate, 
for the risk is now unpleasantly high. 


‘There is some basis for hoping that we may eventually be able to control at least part of both 
spontaneous and radiation-induced mutations. 
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And this is the point at which it becomes most clearly evident that different geneti- 
cists find meaningful rather different approaches to the problem of genetic damage. 

As has been stated previously, from one point of view the best index of genetic 
damage is the totality of tangible genetic defects of living individuals—say such 
things as mental defects, epilepsy, congenital malformations, neuromuscular defects, 
hematological and endocrine defects, defects in vision or hearing, cutaneous and 
skeletal defects, or defects in the gastro-intestinal or genitourinary tracts. Roughly 
4-5% of all live births in the United States have defects of this sort; and of all of 
these, perhaps about half—or 2% of the total live births—have simple genetic origin 
and appear prior to sexual maturity. 

If mankind were subjected to a “doubling dose” of radiation, then the present 
level of 2% of such genetic defects would rise, and would eventually be doubled. 
More explicitly, consider the next one hundred million births in the United States. 
This is about the number of children that will, in the future, be born to the presently 
alive population of the United States. Of these 100,000,000 children, something 
like 2,000,000 will experience genetic defects of the sort listed, these resulting from 
the deleterious “spontaneous” mutant genes which have been induced by natural 
causes excluding man-made radiation. If we were to be subjected, generation after 
generation, to an additional doubling dose of man-made radiation, then this present 
tragic figure of 2,000,000 would gradually increase by 2,000,000 more cases, up to 
an eventual new total of 4,000,000. It would, to be sure, take a very long time to 
reach this equilibrium double value. Perhaps 10% of the increase, or 200,000 new 
instances of tangible inherited defect, would occur in the first generation. 

Since at various places this report considers a radiation dose of 10 r, it may be 
useful to state the tangible inherited defects from a dose of that size. A dose of 10 r 
would, on the above basis, give rise to some 50,000 new instances of tangible inherited 
defects in the first generation, and about 500,000 per generation ultimately, assuming 
of course an indefinite continuation of the 10 r increased rate and also assuming a 
stationary population. 

These figures by no means measure all of the genetic damage that would result 
from a doubling dose; but they do make tangible and impressive the fact that a 
doubling dose of radiation would cause real personal and social distress. 

D) There is another way of looking at this problem of genetic damage, and that 
consists of trying to make some useful sort of really long-term, fully complete estimate. 
This consists of estimating the total number of mutant genes which would be induced 
in the whole present population of the United States and passed on to the next ap- 
pearing 100,000,000 children, were this whole population to receive a certain total 
radiation dose to the gonads. In this instance we will use a dose of 10 r, since a dose 
of that magnitude appears later in this report in the recommendations. Having 
estimated this total number of transmitted mutants induced by a dose of 10 r, one 
then can only say, when he wishes to translate this over into harm or damage, that 
each one of these mutants must eventually be extinguished out of the popula. . 
through tragedy. This statement does, of course, not hold in the detailed sense that 
one thinks of tracing each individual mutant gene until the line which bears and 
transmits it is overcome by the accumulating handicaps it imposes. The statement 
holds only in a statistical sense. Some lines of mutant genes will die out merely through 
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normal chance procedures of inheritance. Others will multiply through these same 
chance procedures. But these normal chance effects cancel out; and the statistical 
extinction of the mutant genes is accomplished only through tragedy. 

Concerning these estimates of total number of mutants, three things should be 
said. First, they are clearly not really satisfactory to any geneticist. Too much has 
to be assumed, too little is dependably known. 

Second, this kind of estimate is not a meaningful one to certain geneticists. Their 
principal reservation is doubtless a feeling that, hard as it is to estimate numbers of 
mutants, it is much harder still, at the present state of knowledge, to translate this 
over into a recognizable statement of harm to individual persons. Also they recognize 
that there is a risk involved in extrapolating from mouse and Drosophila data to 
the human case. 

Various remarks can, however, fairly be made in favor of this estimating attempt. 
Two largely independent methods lead to about the same results, and this increases 
one’s confidence. Although the extreme ranges of the estimates differ widely, the 
mean estimate for any one geneticist is not very different from the mean for any 
other. Even the ‘‘guessing” which is involved hardly deserves that name, for it is 
based on long years of experience. 

So that the final thing that should be said is that in spite of all the difficulties and 
complications and ranges in numerical estimates, the result is nevertheless very 
sobering. 

Six of the geneticists of this committee considered the following problem: suppose 
the whole population of the United States received one dose of 10 roentgens of radi- 
ation to the gonads. What is the estimate of the total number of mutants which would 
be induced by this radiation dose and passed on to the next total generation of about 
one hundred million children? Each geneticist calculated what he considered to be 
the most probable estimate, and then bracketed this by his minimum and maximum 
estimates. Each thus said, in effect: “I feel reasonably confident that the true value 
is greater than my minimum estimate and less than my maximum. My best judgment, 
as stated in a single figure, is what I have labelled the most probable estimate.” 

The most probable estimates as thus calculated by the six geneticists do not differ 
widely. They bunch rather closely around the figure 5,000,000. Four of the six esti- 
mates are very close to that figure, and the other two differ only by a factor of 2. 

These six geneticists concluded, moreover, that the uncertainty in their estimation 
of the most probable value was about a factor of 10. That is to say, their minimum 
estimates were about 1/10, and their maximum estimates about 10 times the most 
probable estimate. 

This calculation assumes a stable value for the total population. This calculation 
is admittedly somewhat complicated and disappointingly vague. It is, to some 
geneticists, not a very meaningful way of looking at the problem. To others it adds 
up to something at least reasonably clear, and in any event very serious. 


XIII. FALL-OUT 


There has been concern about the possible genetic harm due to the fall-out of 
radioactive material which results from the testing of atomic weapons. Certain 
aspects of this problem will be discussed in the reports of the other committees of this 
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study (fall-out on grazing and cropland; fall-out on the sea and possible concentration 
in marine organisms; the distribution of fall-out material by the winds and in the 
upper atmosphere; possible pathological damage due to long-lived isotopes built into 
our bones; etc.). The present comments relate only to the question of genetic damage. 

From the point of view of this Committee there are two summary remarks that 
should be made. First, since amy additional radiation is genetically undesirable the 
fall-out dose is genetically undesirable. 

Second, the fall-out dose to date (and its continuing value if it is assumed that 
the weapons testing program will not be substantially increased) is a small one as 
compared with the background radiation, or as compared with the average exposure 
in the United States to medical X rays. 


XIV. RECOMMENDATIONS 


In light of the considerations which have been reviewed by this Committee, and 
which have been, at least in major outline, summarized in this report, this Committee 
has several recommendations. 

These recommendations should all be interpreted in the light of the basic fact 
that any additional radiation is genetically undesirable. Therefore our society should 
hold additional! radiation exposure as low as it possibly can. If certain figures (such 
as 10 roentgens) occur in a recommendation, it should most emphatically not be 
assumed that any exposure less than that figure is, so to speak, “all right”’: nor should 
it be for a moment assumed that disaster will suddenly descend if one of these figures 
is exceeded. 

In any case in which a figure is stated, it is with the idea: stay just as far under 
this as you can; do not consider that this is an amount of radiation which is geneti- 
cally harmless, for there is no such figure other than zero. 

Opposing the fact that any further radiation is genetically bad is the practical 
fact that further radiation, from certain sources at least, is probably inevitable. 
The factors which argue for an increase in radiation are not genetic, and should 
obviously be appraised by a group much more representative than this Committee. 
Thus our recommendations will have to be evaluated by others, who must decide 
what decisions society should or must make. As geneticists we say: keep the dose 
as low as you can. 

Thus we recommend: 

A) That, in view of the fact that total accumulated dose is the genetically im- 
portant figure, steps be taken to institute a national system of radiation exposure 
record-keeping, under which there would be maintained for every individual a com- 
plete history of his total record of exposure to X rays, and to all other gamma radi- 
ation. This will impose minor burdens on all individuals of our society, but it will, 
as a compensation, be a real protection to them. We are conscious of the fact that 
this recommendation will not be simple to put into effect. 

B) That the medical authorities of this country initiate a vigorous movement to 
reduce the radiation exposure from X rays to the lowest limit consistent with medical 
necessity; and in particular that they take steps to assure that proper safeguards 
always be taken to minimize the radiation dose to the reproductive cells. 
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C) That for the present it be accepted as a uniform national standard that X-ray 
installations (medical and nonmedical), power installations, disposal of radioactive 
wastes, experimental installations, testing of weapons, and all other humanly con- 
trollable sources of radiations be so restricted that members of our general population 
shall not receive from such sources an average of more than 10 reontgens, in addition 
to background, of ionizing radiation as a total accumulated dose to the reproductive 
cells from conception to age 30. 

D) The previous recommendation should be reconsidered periodically with the 
view to keeping the reproductive cell dose at the lowest practicable level. If it is 
feasible to reduce medical exposures, industrial exposures, or both, then the total 
should be reduced accordingly. 

E) That individual persons not receive more than a total accumulated dose to 
the reproductive cells of 50 roentgens up to age 30 years (by which age, on the average, 
over half of the children will have been born), and not more than 50 roentgens ad- 
ditional up to age 40 (by which time about nine tenths of their children will have 
been born.) 

F) That every effort be made to assign to tasks involving higher radiation ex- 
posures individuals who, for age or other reasons, are unlikely thereafter to have 
additional offspring. Again it is recognized that such a procedure will introduce 
complications and difficulties, but this committee is convinced that society should 
begin to modify its procedures to meet inevitable new conditions. 


XV. CONCLUDING COMMENTS 


The basic fact is—and no competent persons doubt this—that radiations produce 
mutations and that mutations are in general harmful. It is difficult, at the present 
state of knowledge of genetics, to estimate just how much of what kind of harm will 
appear in each future generation after mutant genes are induced by radiations. 
Different geneticists prefer differing ways of describing this situation: But they all 
come out with the unanimous conclusion that the potential danger is great. 

This report recommends that the general public of the United States be protected, 
by whatever controls may prove necessary, from receiving a total reproductive 
lifetime dose (conception to age 30) of more than 10 roentgens of man-made radiation 
to the reproductive cells. Of this reasonable (not harmless, mind you, but reasonable) 
quota of 10 roentgens over and beyond the inevitable background of radiation from 
natural causes, we are now using on the average some 3 or 4 roentgens for medical 
X rays. This is roughly the same as the unavoidable dose received from background 
radiation. It is really very surprising and disturbing to realize that this figure is so 
large, and clearly it is prudent to examine this situation carefully. It is folly to incur 
any X ray exposure to the gonads which can be avoided without impairing medical 
service or progress. 

The 10 roentgen recommendation applies in an average sense to the population 
as a whole. We also include a recommendation concerning the upper limit of exposure 
that any one individual should receive. These limits would of course apply to persons 
whose occupations involve radiation exposure, but they are intended as broad and 
uniform regulations which apply to any and every individual. 
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The fall-out from weapons testing has, so far, led to considerably less irradiation 
of the population than have the medical uses—and has therefore been lessdetrimental. 
So long as the present level is not increased this will continue to be true; but there 
remains a proper concern to see to it that the fall-out does not increase to more 
serious levels. 

One important lesson which results from this study is the following: The present 
state of advance in atomic and nuclear physics on the one hand, and in genetics on 
the other hand, are seriously out of balance. We badly need to know much more 
about genetics—about all kinds and all levels of genetics, from the most fundamental 
research on various lowly forms of life to human radiation genetics. This requires 
serious contirbutions of time, of brains, and of money. Although brains and time are 
more important than money, the latter is also essential; and our society should take 
prompt steps to see to it that the support of research in genetics is substantially 
expanded and that it is stabilized. 

We ought to keep all of our expenditures of radiation as low as possible. Of the 
upper limit of 10 roentgens suggested in Recommendation C, we are at present 
spending about one third for medical Xrays. We are at present spending less—prob- 
ably under one half a roentgen—for weapons testing. We may find it desirable or 
even almost obligatory that we spend a certain amount on atomic power plants. 
But we must watch and guard all our expenditures. From the point of view of genetics, 
they are all bad. 
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The Covariance Structure of Maximum Likeli- 
hood Gene Frequency Estimates for the 
MNS System 


MORRIS H. DEGROOT 

il Committee on Statistics, University of Chicago 

e IN APPLYING the maximum likelihood method of estimation to data based on the 

e MNS series of genes, it is apparently necessary to use an iterative procedure in com- 

y puting the estimates of the gene frequencies (Boyd, 1954; Mather, 1951; Stevens, 
1938). The general method is to begin with easily computed but inefficient gene fre- 

e quency estimates and, through a sequence of adjustments depending on the variance- 

it covariance structure, deduce the values of the efficient maximum likelihood esti- 

)- mates. Explicit expressions for the variances and covariances would, therefore, be of 

or value in simplifying the algebraic manipulations necessary for finding these estimates 

s. as well as in evaluating their reliability. 


We denote the frequencies of the four genes involved in the MNS system by 
ms, Mg, Ns, and ng, and the observed proportions of individuals in each of the six 


tions are 


E(M) = ms, 
E(MS) = ms + 2msm,, 
E(MN) = 2m,n,, 
E(MNS) = 2(m,ns + msn, + msns), 
E(N) =, 
E(NS) = ng + 2ngn,. 
The derivations of the variances and covariances are simplified by substituting! 


m= m,+ Ms, 


ns + Ng, 


n 


= m,/m, 


g 
d = n,/n, 


Received August 10, 1956. 
1 Boyd discusses the simplifications resulting from the reparametrization given here in a letter to 
the editor of The American Journal of Human Genetics, Vol. 7 (1955), p. 444. 
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phenotypes by M, MS, MN, MNS, N, and NS. The expected values of these propor- S= 
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or equivalently, 
m, = gm, 
mg = (1 — g)m, 
n, = dn, 
ng = (1 — d)n. 


The expected proportions in the six phenotypes, as given in equations [1], now be- 
come: 


E(M) = g’m’, 
E(MS) = (1 — g*)m’, 
E(MN) = 2gdmn, 
E(MNS) = 2(1 — gd)mn, 
E(N) = dn’, 
E(NS) = (1 — d’)n’, 


where g, d, m, and n satisfy the conditions 0 < g < 1,0<d< l,andm+n=1. 
The advantage of working with m, n, g, and d, rather than the original gene fre- 


quencies, is that, apart from a constant, the logarithm of the likelihood function, L, 
which is 


L = M log (g’m*) + MS log [(1 — g?)m?] + MN log (2gdmn) 


[5] 
+ MNS log [2(1 — gd)mn] + N log (d?n?) + NS log [(1 — d?)n’J, 


can now be expressed as the sum of terms involving only m and n and terms involving 
only g and d. In fact, expression [5] can be rewritten in the form 


L = [(2M + 2MS + MN + MNS) log m + (MN + MNS + 2N 
+ 2NS) log n] + [(2M + MN) log g + (2N + MN) log d 
+ MS log (1 — g?) + NS log (1 — d?) + MNS log (1 — gd)] 
+ (MN + MNS) log 2. 


Since m + n = 1 there are only three independent parameters involved in L. The 
maximum likelihood estimates, m’, g’, and d’, are the values of m, g, and d which 
maximize L. It should be noted that the maximum likelihood estimate, m’, can be 
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found by maximizing just the terms within the first bracket of [6], since all other 
terms in [6] are free of m. This leads to the usual “gene counting” estimate 


(7| m’ = M + MS + MN/2+ MNS/2. 


The maximum likelihood estimate of n is, of course, n’ = 1 — m’. 
’ 


THE COVARIANCE STRUCTURE FOR m, n, g, d 


To find the large-sample variances and covariances of the maximum likelihood 
estimates, it is first necessary to derive the information matrix. Denoting the deriva- 


tives of L with respect to each of the parameters by Ln , Lg , and Lg , the information 
matrix is 


E(Ln) E(LmLa) 
E(Lmba)  E(Lgla) E(La) 


The inverse of this matrix is 


V(m’) CV(m’, g’) CV(m’, d’) 
(9 CV(m’,g’)  V(g’) CV(g’, d’) 


' CV(m’, d’) CV(g’, d’) V(d’) 
e- where the symbols V and CV represent variance and covariance respectively. 
Ly From [6] we have 
Ln = 4 (QM + 2MS + MN + MNS) — | (MIN + MNS + 2N + 2N8), 
(to) Ly = + OM + MN) MS - MNS 
1 — g? 1 — gd 
La = 5 ON + MN) NS 8 _ MINS 
In deriving the elements of the covariance matrix [9], the necessary algebra is greatly 
reduced by restricting consideration to samples consisting of only one observation, 
deriving the information matrix [8] under this restriction, and finding the correspond- 
ing covariance matrix by inversion. The covariance matrix for a sample of G ob- 
servations is obtained from the covariance matrix for a sample of one by dividing 
each entry of the latter by G. For a single observation, only one of the observed pheno- 
type proportions can be 1 and the others must be 0. Hence, all products of two dif- 
he ferent proportions, such as (M)(MS), must be 0, and, since each observed proportion 
c must be 0 or 1, we have M = M?, MS = MS°, etc. It follows that E [(M)(MS)] = 0 


and E(M?) = E(M), with similar results holding for all of the observed phenotype 
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proportions. Utilizing these considerations, the elements of the information matrix 
can be computed from equations [10] and [4], and we obtain 


E(Lm) = 2/(mn), 
E(Li Lg) E(Li La) 0, 


1 4 nd’ 
BO) = + + |: 


E(L,La) = (2mn)/(1 — gd), 
= 


1 mg mg 


Referring to the information matrix [8] and equations [11], we see that the informa- 
tion matrix has the form 


[12] 


the inverse of which is a matrix of the form 


1 
] —k 
° 


0 


Hence, the variances and covariances of m’, g’, and d’, which are the elements of 
the inverse of the information matrix, are 


V(m’) = (mn)/(2G), 
CV(m’, g’) = CV(m’, d’) = 0, 
V(g’) = E(La)/(GA), 
V(d’) = E(L,)/(GaA), 
CV(g’, d’) = —E(LgLa)/(GA), 
where 
[15] A = E(L)E(La) — 


The expressions in [14] have been divided by G in order to make the variances and 
covariances appropriate for estimates based on a sample of G observations. 
The algebra involved in deriving explicit expressions for V(g’), V(d’), and CV(g’, @’) 


i 
| 
a 
| 
| 
i 0 
= 0 j 
0 
0 
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in terms of m, n, g, and d is quite lengthy and detailed. The procedure for computing 


- A is to first find common denominators for each of the expressions E(L3) and E(L3) 
and then perform the operations indicated by [15]. By making judicious use of the 
fact that n = 1 — m, the resulting expression can be put into the form 
(16) 3 8mn[(gm + — g’d’] 

gd(1 — g*)(1 — d*)(1 — gd) 
By then using the common denominator forms for E(L%) and E(Li) and the above 
expression for A, we obtain 
Vie’) = g(1 — g)(2dn + gm — gd’n — gd’) 
4Gm[(gm + dn)? — g*d?] 
2: 2 2 
vid’) = d(1 — d°)(2gm + dn — g'dm — gd) 
4Gn[(gm + dn)? — g’d?] 
—gd(1 — g')(1 — 
V = g 
= + dn) — 
Finally, for the variances and covariances involving n’, we have, since n’ = 1 — 

m’, 

V(n’) = V(m’), 
[18] CV(m’, n’) = —V(m’), 

CV(n’, d’) = CV(’, g’) = 0. 
THE COVARIANCE STRUCTURE FOR Ms, Mg, Ns, Ng 
We now consider the maximum likelihood estimates, m, , ms ,n, , and ng, of the 

original gene frequencies. From equations [3] we know that these estimates satisfy 
the relations 

of m, g'm’, 

mg (1 g’)m’, 
[19] 
n, = d’n’, 
ng = (1 — d’)n’. 
Boyd (1956) has discussed the general method for obtaining the large-sample vari- 
ances of estimates which are known functions of other random quantities. Following 
this method we may derive the large-sample variances of the gene frequency esti- 
mates given in [19]. They are 
V(ms) = g’V(m’) + m°V(g’), 
V(ms) = (1 — g)?V(m’) + m?°V(g’), 
d 


[20] V(ng) = a?V(n’) + n°V(d’), 
V(ns) = (1°—"d)?V(n’) + 
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The method discussed by Boyd (1956) is easily extended to the derivation of the 
large sample covariance between two known functions. Typical formulas for our 
case are 


CV(mi, ni) = (=) (>) CV(m’, n’) + (=) (2) CV(m’, d’) 
m) = (42+) (22) vim) + (2) (=) CV(m’, 2’ 


Bearing in mind that certain of the covariances appearing in these expressions are 0), 
we obtain 


(21] 


CV(m, , ms) = g(1 — g)V(m’) — m°V(g’), 
CV(n, , ns) = d(1 — d)V(n’) — n°V(d’), 
CV(m, , ns) = —gdV(m’) + mnCV(g’, d’), 
CV(mg , ns) = —(1 — g)(1 — d)V(m’) + mnCV(g’, d’), 
CV(m, , ns) = —g(1 — d)V(m’) — mnCV(g’, d’), 


CV(ms = —d(1 — g)V(m’) — mnCV(g’, d’). 


COMPUTATION OF THE MAXIMUM LIKELIHOOD ESTIMATES 


The computation of the maximum likelihood estimates of the gene frequencies 
becomes quite simple through the use of the expressions [17] for the variances and co- 
variance of the estimates of g and d. The general procedure is as follows. 

The maximum likelihood estimates of m and n are computed by the usual “gene 
counting” method as expressed by equation [7]. Next, as a first approximation, we find 
the values of some simple estimates of g and d. For example, we can start with 


go = VM/(M + MS); 

do = WN/(N+NS)- 

Corrections to these estimates, 5, and 54 , can be computed from the formulas 
5, = LgV(g’) + LaCV(g’, d’), 

ba = L,CV(g’, d’) + LaV(d’), 


where L, and Ly are found from equations [10], and V(g’), V(d’), and CV(g’, d’) are 
found from equations [17], by direct substitution of the values of the estimates of 


[23] 


[24] 
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g, d, m, and n. The adjusted estimates, g; and d, , of g and d are given by the expres- 
sions g1 = go + dg, di = do + 5a. The process represented by equations [24] can 
then be repeated using these new estimates to obtain further corrections. This process 
should be iterated until the computed corrections are sufficiently small and the 
variances and covariance are stable (Norton, 1956). 

After having thus obtained sufficiently good approximations to the maximum 
likelihood estimates of g and d, and at the same time found their variances and co- 
variance, the maximum likelihood estimates of the gene frequencies, m,, Mg, Ns, 
and Ng , are easily computed from equations [19] and their variances and covariances 
from [20] and [22]. 

I am deeply indebted to Professor W. C. Boyd of Boston University for his valuable 
comments during the preparation of this paper. 


SUMMARY 


Explicit expressions are obtained for the covariance structure of the maximum 
likelihood gene frequency estimates for the MNS system. The resulting simplification 
in the computation of the values of the maximum likelihood estimates and their 
reliability is discussed. 
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An Investigation of the Frequency of Consan- 
guineous Marriages Among the Mormons 
and Their Relatives in the 
United States’ 


C. M. WOOLF, F. E. STEPHENS, D. D. MULAIK, AND R. E. GILBERT 
Laboratory of Human Genetics, University of Utah, Salt Lake City 12, Utah 


INFORMATION ON THE FREQUENCY of consanguineous marriages in human populations 
is of interest to geneticists for several reasons. Much has been written on the poten- 
tial value of this information for estimating the mutation rates (Neel, 1952) and 
frequencies (Lenz, 1919; Weinberg, 1920; Dahlberg, 1938; Hogben, 1946; Neel, 
Kodani, Brewer, and Anderson, 1949) of recessive genes as well as the size of the 
isolates into which populations are subdivided (Dahlberg, 1929, 1938; Morton, 1955). 
The assumptions involved in arriving at these determinations have been discussed by 
these authors as well as others. Information on the breeding structure of a population 
helps to estimate the rate with which induced mutations will manifest themselves in 
the homozygous condition. The theoretical aspects have been discussed by Haldane 
(1947) and they have been applied to a practical situation by Neel ef al (1949) in 
their studies of the survivors of the atomic bombings of Hiroshima and Nagasaki. If 
the genetic equilibrium of a population were disturbed by an influx of sub-lethal 
recessive mutations, the number of generations required for equilibrium to be restored 
would be negatively correlated with the mean coefficient of inbreeding of the popula- 
tion. Therefore, other factors being equal, the genetic effects of an atomic bombing 
will be distributed over fewer generations and will likely be more obvious in those 
populations with a high frequency of consanguineous marriages. 

The frequency of consanguineous marriages had been studied extensively in several 
different countries (see table 5). However, there are few references in the literature to 
studies carried out in the United States. In 1908, Arner estimated the frequency of 
first cousin marriages for the state of New York previous to 1784, and for Ashtabula 
County, Ohio, for the years 1811-1886, by using as an index the frequency with which 
similar surnames appeared on marriage licenses. For the New York population his 
estimate of the frequency of first cousin marriages was 2.7 per cent, while for the Ohio 
population it was 1.12 per cent. It was Arner’s opinion that the frequency of first 
cousin marriages in the United States in 1908 varied greatly among different com- 
munities, ranging from about 0.5 per cent in the northern and western states to about 
5.0 per cent in isolated mountain and island communities, with an overall frequency 
no greater than 1.0 per cent. He concluded that the frequency of consanguineous 
marriages was decreasing with increasing ease of transportation and communication, 


Received June 23, 1956. 
' This investigation was supported by a grant from the U. S. Atomic Energy Commission, Division 
of Biology and Medicine. 
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and that the frequency in 1908 was only half as great as in the days of the stage 
coach. 

In recent times three studies have been carried out on white populations in the 
United States. Glass (1954; also see discussion of paper by Buzzatti-Traverso, 1950) 
initiated a study at the Rh Blood Typing Laboratory in Baltimore, Maryland, and 
found that 0.05 per cent of 8000 obstetrical patients were married to their first 
cousins. A similar figure was obtained by Steinberg (personal communication; also 
see discussion of paper by Buzzatti-Traverso, 1950) who obtained information about 
consanguineous marriages from 1,969 mothers during their lying-in period in a hos- 
pital in Rochester, Minnesota. Only one, or about 0.05 per cent, of these mothers was 
married to her first cousin. A preliminary report of a study still in progress was given 
by Herndon and Kerley at the 1952 meetings of the American Society of Human 
Genetics in Ithaca, New York. Through the courtesy of the investigators, some of 
their preliminary results are reviewed here. A reference to their study can also be 
found in Herndon (1954). The population under investigation is Wautauga County, 
North Carolina. This county, located in the Blue Ridge Mountains, is rural and pre- 
dominantly agricultural with no heavy industry. Twelve index couples were selected 
at random. Genealogical information was obtained on the relatives of both members 
of each index couple. The pedigrees thus obtained contained 1,651 marriages which 
occurred in the county during the period 1830 to 1950. These marriages were classified 
as to the degree of relationship existing between the marriage partners. The frequency 
of first cousin marriages declined over the years (see table 5). For the period 1830- 
1849, 4.08 per cent of 98 marriages were between first cousins, while for the period 
1910-1929, only 0.91 per cent of 439 marriages were between first cousins. No first 
cousin marriages occurred during the period 1930-1950, in a total of 226 marriages. 
The frequency of cousin marriages, to and including fourth cousins, has also tended 
to decrease in recent years. The high point was for the period 1870-1889, when a 
frequency of 16.72 per cent, based on 299 marriages, was observed. For the period 
1930-1950, the frequency was 10.18 per cent. Herndon and Kerley state that the 
high frequency for the period 1870-1889 is consistent with what could be expected 
from the history of the area. The frequency of consanguineous marriages increased 
following the Civil War when travel facilities and economic conditions were at a 
low ebb. 

The present investigation was initiated because of the scarcity of data on the fre- 
quency of consanguineous marriages for the different areas in the United States. It is 
divided into three parts: (1) a study of the frequency of consanguineous marriages 
occurring in Utah for different periods of time from 1847, when the area was first 
settled, to 1950; (2) a study of the frequency of consanguineous marriages among the 
present residents of nine rural communities in Utah and Nevada that were colonized 
by Mormon pioneers during the latter part of the past century; (3) a study of the 
frequency of first cousin marriages among Mormons and their relatives in ten geo- 
graphical regions in the United States for various periods of time from 1620 to 1950. 
The first and third studies were carried out by an analysis of genealogical records on 
file in the archives of the Genealogical Society of the Church of Jesus Christ of Latter 
Day Saints (Mormon) in Salt Lake City, Utah. 
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The Mormon Church encourages its members to take an active interest in genea- 
logical research. The archives and library of the Genealogical Society are the center of 
this activity. Two types of records on file in the archives can be used as source materia! 
to obtain information on the frequency of consanguineous marriages: pedigrees and 
family group records. These records are placed in the archives by the members of 
the church and by professional genealogists employed by the Genealogical Society. 
A single pedigree sheet contains the name of a propositus and information about his 
maternal and paternal ancestors for four generations. The propositus may be the per- 
son who submitted the sheet or a relative or ancestor of that person. When a genea- 
logical line is known for more than five generations, the line is continued on a new 
pedigree sheet with the individual in the fifth ancestral generation becoming the 
propositus of the new pedigree sheet. These sheets are filed alphabetically by the 
surname of the propositus, who may be either a male or a female. A family group 
record, in addition to other information, contains the names of a husband and wife, 
the names of their children and parents, and the date and place of their marriage. 
At the present time, approximately three million family group records are on file in 
the archives, and the number is increasing rapidly. The family group records contain 
information on families from many parts of the world and cover many generations. 

The pedigree records are more applicable to investigations of this type than the 
family group records, because the latter are accurate only for relationships up to and 
including full first cousins. However, the pedigree records are limited in number. 


PROCEDURE AND RESULTS 
1) The Frequency of Consanguineous Marriages in Utah During Various Periods of 


Time, From 1847 to 1950. 

This study was initiated by using the pedigree records. A sample of these was 
taken; for those marriages occurring in Utah, a notation was made of the year of the 
marriage and the degree of relationship existing between the marriage partners. The 
degree of relationship was expressed as the coefficient of relationship (Wright, 1922; 
Li, 1955). In most cases the relationship was easily determined from the information 
occurring on a single pedigree sheet. In other cases it was necessary to search other 
records and sources of information. 

Since the derived estimates of the frequencies of the various types of consanguin- 
eous marriages cannot be any more reliable than the records themselves, the estimates 
are probably too low. The underestimation is probably not as great for close relation- 
ships, such as uncle-niece and first cousins, as it is for more distant relationships. 
The error should not be as great for the marriages occurring in recent times as for 
those occurring several generations ago. Underestimation of the true values is typical 
of the other large-scale studies reported in the literature. 

The results of the analysis of the pedigree records are shown in table 1. Thirty six 
thousand nine hundred nine marriages were classified. The table shows the frequency 
of uncle-niece, first cousin, first cousin once removed, and second cousin marriages 
for the various periods of time. Marriages having the same coefficient of relationship 
were grouped under a common heading. Other types of relationship, such as third 
cousin, etc., are grouped under “Other Consanguinity”. No aunt-nephew marriages 
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were observed. Wright’s (1922) mean coefficient of inbreeding (a) was determined for 
the various periods of time following the procedure of Haldane and Moshinsky 
(1939). 

It is apparent from the table that the pedigree records yielded little data for 
marriages occurring in recent years. In order to increase the data for the present 
generation, the family group records were utilized. The procedure was to sample the 
records for those marriages occurring in Utah since 1910, and to compare the sur- 
names of the parents of the husband and wife. The year 1910 was arbitrarily chosen. 
If the surname of one of the parents of the husband was the same as one of the wife’s 
parents, the marriage was classified as a potential first cousin marriage. These were 
investigated further with the aid of all available records on file in the various offices 
of the genealogical society. Since only recent marriages occurring in Utah were classi- 
fied, and it was only a question of whether the husband and wife were first cousins, 
supporting records were obtained in most cases. But, again, due to inadequacy of the 
records in some cases, the estimates are apt to be too low. 

The results of the survey of the family group records are shown in table 2. A total 
of 41,631 marriages were classified. The trend in the frequency of first cousin mar- 
riages in Utah over the past century may be seen best by comparing the data for the 
intervals between 1847 and 1909 in table 1 with the data in table 2. 


TABLE 1. THE FREQUENCY OF THE VARIOUS TYPES OF CONSANGUINEOUS MARRIAGES IN 
UTAH FROM 1847 To 1950. INFORMATION OBTAINED FROM THE ANALYSIS OF 
PEDIGREE RECORDS ON FILE IN THE ARCHIVES OF THE L.D.S. 
GENEALOGICAL SOCIETY 


| Total 
Marriages 


Uncle-Niece 


First 
Cousin 


First Cousin 


Second 
Cousin 


Other 
Consanguin- 
ity 


Total 
Consanguin- 
ity 


13,955 


13,361 


7,197 


2,217 


179 


22 


76 
(0.54%) 


130 
(0.97%) 


(0.07%) 


37 
(0.28%) 


20 
(0.28%) 


6 
(0.27%) 


0 


14 
(0.10%) 


27 
(0.20%) 


14 
(0.19%) 


7 
(0.32%) 


0 


2 
(0.01%) 


15 
(0.11%) 


8 
(0.11%) 


9 
(0.41%) 


0 


124 
(0.89% 


217 
(1.62%) 


61 
(0.85%) 


24 
(1.08%) 


0 


TABLE 2. THE FREQUENCY OF FIRST COUSIN MARRIAGES IN UTAH FROM 1910 To 1950. 


INFORMATION OBTAINED FROM THE ANALYSIS OF FAMILY GROUP RECORDS ON 
FILE IN THE ARCHIVES OF THE L.D.S. GENEALOGICAL OFFICE 


Period 
1910-1929 
1930-1950 


Total Marriages 


26,325 
15 , 306 


First Cousins 


19 (0.07%) 


6 (0.04% 


Pa- 
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1929 (0.09%) 
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2) Survey of Selected Rural Communities in Utah and Nevada. 
From the analysis of the pedigree and family group records it became obvious, 

especially for relatively recent times, that consanguineous marriages were occurring 
most frequently among the residents of rural communities. This is to be expected. 
Unless a distinct social attitude exists toward the occurrence of consanguineous 
marriages, populations that constitute small isolates due to geographic or social 
isolation, or to restricted mobility, will tend to show an increased frequency of cousin 
marriages (Stern, 1950). This consideration, along with the average number of marry- 
ing children per family, forms the basis of Dahlberg’s method (1929, 1938) for de- 
termining the size of the isolates into which populations are subdivided. 

None of the first cousin marriages shown in table 2 for the period 1930-1950, oc- 
curred among individuals living in urban areas; hence the rural areas are contributing 
disproportionately to the total frequency for the state. 

Nine small rural communities in the intermountain area were selected for study to 
obtain information on the segment of the population in Utah with the highest fre- 
quency of consanguineous marriages. They were selected because they were known to 
have a high frequency of consanguineous marriages or because their location and 
history suggested they might have a high frequency of consanguineous marriages. 

Door to door surveys were conducted to determine the frequency of consanguineous 
marriages among the present residents. Some of the communities' were completely 
surveyed, while only a random sample of marriages was taken in others. Genealogical 
records in the possession of some of the residents, records on file in the local churches, 
as well as interested persons who had spent their lives in the communities were used 
in the compilation of the pedigree charts. 

The communities studied and the results obtained are shown in table 3. Six hundred 
twenty-five marriages were classified. The mean coefficient of inbreeding was calcu- 
lated for each community as well as for all the communities taken as a group. The 
closest degree of relationship encountered between the marriage partners was first 
cousin. 

3) The Frequency of First Cousin Marriages in Ten Geographical Regions in the 
United States During Various Periods of Time from 1620 to 1950. 

The Mormon Church which was organized in 1830, in Fayette, Seneca County, 
New York, now has a million and a half members. Between 1831 and 1847 the mem- 
bers of the growing church settled in communities in Ohio, Missouri, and Illinois. In 
1847 the church moved westward to the valley of the Great Salt Lake. From its begin- 
ning, the Mormon Church has been a proselyting church. Missionaries are sent at 
their own expense to all parts of the United States and into many different countries, 
with the consequence that converts are greatly diversified in regard to geographic 
origin. The genealogical records on file in the archives of the Genealogical Society 
reflect this diversity. These records are also unique for another reason. A convert may 
do extensive genealogical research on his relatives. Records of kindreds and family 
lines are on file even though only one or a few of its members are affiliated with the 
church. Therefore, many of the marriages recorded in the records, and certainly all 

of those previous to 1830, are between non-Mormons. 
The records can be used to estimate the frequency of first cousin marriages among 
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the Mormon people and their relatives during various periods of time in different 
regions in the United States. Ten different geographic regions were arbitrarily chosen. 
These are shown in table 4. The family group records were used as a source material 
since they are more voluminous and give a more adequate coverage of the various 
periods of time than the pedigree records. Since estimates of the frequencies of first 
cousin marriages had already been obtained for Utah in the first study, marriages 
occurring in this state were omitted. The early histories of southeastern Idaho, 
northern Arizona, and southeastern Nevada are similar because of the colonization 
activities of the Mormon pioneers. The frequency of consanguineous marriages for 
these states, as determined from the genealogical records, would be expected to reflect 
the Mormon populations in these states and thus be similar to Utah; hence it was 
thought it would be more informative to concentrate on marriages-occurring in states 
farther removed sociologically from Utah. 

The family group records were sampled; for each marriage occurring after 1620 the 
year and place of occurrence, and the presence or absence of a similar surname among 
the parents of the marriage partners were noted. Wen similar surnames were found, 
the marriage was classified as a potential first cousin marriage and records were 
searched to establish if a relationship existed between the marriage partners. It 
became apparent immediately that the potential first cousin marriages encountered 
in this study were much more difficult to verify than those in the first study, where 
only Utah marriages were investigated. These marriages fell into two groups. The first 
group consisted of those potential first cousin marriages that could be classified as 
first cousin or non-first cousin; while the second group consisted of those potential 
first cousin marriages that could not be identified because substantiating records 
were not available. A large series of family group records that would have been very 
helpful in classifying the potential first cousin marriages was being microfilmed when 
this study was in progress and was not available. 

The data were grouped into classes denoted by time periods and geographical 
regions; in each class the potential first cousin marriages were scored as first cousin, 
not first cousin, or undetermined. In arriving at the final estimate of the frequency of 
first cousin marriages in each class, it was assumed that the frequency of first cousin 
marriages among the potential first cousins for which the family records were com- 
plete, was the same as among those for which the records were incomplete. For ex- 
ample, for the period 1720 to 1739 in the North Atlantic States, out of 4,539 mar- 
riages, 137 were classified as potential first cousin marriages. After a thorough search 
of all the available records had been made, 49 were reclassified as first cousins, 75 as 
not first cousins, and 13 as undetermined because the family records were inadequate. 
Consequently, 49/124 X 13, rounded off to the nearest whole number, was added to 
the number of observed first cousin marriages, resulting in a total number of 54, or 
1.19 per cent, first cousin marriages for that particular class. The estimated frequency 
of first cousin marriages was determined in the same manner for each class. 

As shown in table 4, a total of 132,524 marriages were classified. The trends over 
the years within each geographical region are indicated in the table. It should be 
stressed, however, that the marriages do not represent a random sample of those 
occurring in the geographical regions during the various periods of time. The mar- 
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riages are a sample of those occurring among the Mormon people and their relatives 
in the United States. Throughout the history of the Mormon Church, proselyting has 
been more successful among Protestants than among individuals of other religious 
faiths. Missionary work has not been carried out among individuals with negro 
ancestry, and there is an indication that, on the average, converts have tended to 
come more from rural than urban areas. 


DISCUSSION 


Spuhler and Kluckhohn (1953) have pointed out that any discussion of inbreeding 
should distinguish between the two senses in which the term is often used; the social 
and the biologic. In the social sense, inbreeding refers to endogamic marriages, i.e., 
the restriction of marriages to persons within the limits of a socially defined category 
such as a tribe, class, or religious group. In the biologic sense, inbreeding refers to 
consanguineous marriages. From its beginning, the Mormon society has favored 
endogamous marriages, yet the results of the present investigation demonstrate that 
the Mormon people in Utah, when compared with other populations in the world, 
are not inbred in the biologic sense. In the following discussion inbreeding refers to 
biologic inbreeding. 

The highest rate of inbreeding in Utah, taking into consideration both rural and 
urban populations collectively, occurred in the period 1870-1889 (Table 1). Since that 
time the rate of inbreeding has decreased steadily. However, the highest rate of in- 
breeding encountered in Utah is much less than the present rate occurring in Japan 
in urban centers, and the present rate in Utah is among the lowest encountered in 
any of the investigations carried out in the different countries in the world. The results 
of some of these investigations are summarized in table 5. The computed mean 
coefficients of inbreeding shown in table 5 are not strictly comparable because not all 
investigations sought information on the same degrees of relationship. However they 
are partly indicative of the differences existing in the rate of inbreeding among the 
various populations studied. 

The high rate of inbreeding in Utah during the period 1870-1889, as compared with 
later periods, is understandable. Soon after the arrival of the Mormon pioneers in 
the Salt Lake Valley in 1847, communities were established in many locations in the 
intermountain region. Many of these communities were colonized by groups of fami- 
lies, such as two or three sibs, their spouses, and children. Transportation among com- 
munities was difficult and the selection of a spouse was often limited to a single 
community. The frequency of first cousin marriages increased in the communities as 
soon as the children and grandchildren of the original settlers had reached marriage- 
able age. Another important factor which tended to increase the rate of inbreeding 
during this time was the commonly practiced custom of polygamy, which in many 
cases increased greatly the number of related persons residing in the communities. 
On the basis of the geographic isolation of the various communities and the practice 
of polygamy, the rate of inbreeding in the state never went as high as might have 
been expected. By the turn of the century, the rate was dropping rapidly. This is 
attributable to improved transportation facilities and the continual flow of converts 
into the settlements. It is estimated by the Historian’s Office of the Mormon Church 
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in Salt Lake City, Utah, that between 1847 and the coming of the Union Pacific Rail- 
road in the spring of 1869, 80,000 members of the'church from the United States and 
Europe crossed the plains and mountains from the midwest to the Salt Lake Valley 
with ox or mule driven wagons or by walking and pushing handcarts. From 1850 to 
1900, over 30,000 converts emigrated to Utah from the Scandinavian countries 
(Mulder, 1955), and from 1850 to 1929, over 52,000 emigrated from Great Britain 
(Evans, 1937). Converts also arrived in smaller numbers from Germany, Holland, 
Italy, Austria, France, Switzerland, and elsewhere. In 1880, twenty-five different 
nationalities were represented (Mulder, 1956). The migration of non-Mormons, 
largely attracted by the potential of the mining industries in beginning, also tended 
to decrease the frequency of consanguineous marriages. At the present time it is 
estimated by the Membership Office of the Mormon Church that about 25 per cent 
of the total population in the state is non-Mormon. 

One important result of the present investigation is the confirmation of the observa- 
tion of Glass, in his study carried out in Baltimore, Maryland, and of Steinberg, in 
his study in Rochester, Minnesota, that the frequency of first cousin marriages in 
large segments of the population in the United States during recent time is surprisingly’ 
low when compared with the results of studies carried out elsewhere in the world. 
The estimate of these marriages in Utah for the period 1930-1950, based on 15,485 
marriages, is 0.04 per cent, while for the ten geographic regions, omitting Arizona, 
Idaho, Nevada, and Utah, for the period 1940-1950, based on 2403 marriages, is 
0.08 per cent. The total number of marriages for recent times can be increased by 
including in the sample the marriages occurring in Arizona, Idaho, and Nevada. When 
this is done, the sample of the marriages occurring among the Mormons and their 
relatives in the United States for the period 1930-1950, can be increased to 30,061. 
The estimate of the frequency of first cousin marriages based on this total is 0.06 per 
cent. This is shown in table 6. The estimate is comparable to the 0.05 per cent values 
obtained by Glass, and by Steinberg. Since the 0.06 per cent value is based on mar- 
riages occurring in both rural and urban populations, it is logical to conclude that 
the value for urban areas is much smaller, and the value for rural areas much larger. 
The latter conclusion has been demonstrated by the study of the nine rural communi- 
ties in Utah and Nevada for which a value of 0.64 per cent was obtained (table 3). 

It is of interest that the rate of inbreeding at the present time in the nine rural com- 
munities in Utah and Nevada taken as a group, is similar to that observed for recent 
times by Herndon and Kerley in their study of the rural population residing in Wa- 
tauga County, North Carolina. Some of the results of their preliminary study for the 
periods 1910-1929, and 1930-1950, are shown, with their permission, in table 7. The 
histories of the two populations are different, yet at the present time the mean co- 
efficients of inbreeding are similar. The frequency of three and four per cent of first 
cousin marriages for certain periods in the past century (table 5) could undoubtedly 
be demonstrated for selected small communities in Utah in previous years. For exam- 
ple, one of the communities shown in table 3 has a frequency value of 2.9 per cent at 
the present time. 

Within recent years the frequency of first cousin and uncle-niece marriages has 
dropped considerably, but this is not true of the frequency of marriages between more 
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TaBLe 5. EsTIMATES OF THE FREQUENCY OF FIRST COUSIN MARRIAGES AND MEAN 
COEFFICIENTS OF INBREEDING FOR VARIOUS POPULATIONS 


Countey sad Number of 


Author 


Period 


Fre- 
quency of 
First 


Cousin 


England: 
49,315 


Orel, 1932 
Orel, 1932 
Orel, 1932 


Freire-Maia, 1952 
Freire-Maia, 1952 


Bell, 1940 


Bell, 1940 


Dahlberg, 1938 

Dahlberg, 1938 

Sutter and Tabah, 
1948 


Wulz, 1925 
Wulz, 1925 


Wulz, 1925 


Verschuer, 1954 


Sanghvi, 1954 


Sanghvi, 1954 


Kilpatrick, ef al, 
1955 

Kilpatrick, et al, 
1955 

Kilpatrick, et al, 
1955 


1901-1902 
1913-1914 
1929-1930 


1930-1950 
1928-1946 


+ 1880-1925 


1925-1939 


1876-1880 
1914-1919 
1926-1947 


1848-1872 
1873-1897 
1898-1922 


1899-1951 


Vienna (Urban) 
Vienna (Urban) 
Vienna (Urban) 


Sao Paulo (Urban) 
Sao Paulo (Sub- 
urban) 


Parents of adult 
patients in gen- 
eral hospitals in 
England 

Parents of children 
in general hos- 
pitals in England 


Whole country 
Whole country 
Whole country 


Bavarian Parish 
(Rural) 

Bavarian Parish 
(Rural) 

Bavarian Parish 
(Rural) 

Oldenburg, part of 
diocese of Mun- 
ster 


Bombay (Caste of 
Parsees) 

Bombay (Caste of 
Marathas) 


County Fermanagh 


County London- 


derry 
County Tyrone 


arriages 
Austria: 
40,697 0.77% 
44,911 0.68% | 0.0006 
31,823 0.53% 
Brazil: 
3,121 0.58% | 0.0004 5 
0.61% | — 
19, 236 0.40% 
France: 
1,410,889 1.038% | — 
1,350,683 0.97% _ 
ts — | 0.0007 
Germany: 
5,706 0.65% | 0.0005 
3 | 0.67% | 
43,167 — | 0.0002 
India: 
512 a 1950 12.9% | 0.0092 
137 rT 1950 11.7% | 0.0074 
Treland: 
350 1954 0.28%) 
717 1954 1.389% | — 
246 


CONSANGUINEOUS MARRIAGES 


TABLE 5—Continued 


Fre- 
Country and Number Author Period Area quan, 

of Marriages 
Marriages 


Japan: 


) 10,547 Neel, et al, 1949 1948-1949 | Hiroshima (Urban) | 3.71% | 0.0029 
5,510 Neel, et al, 1949 1948-1949 | Kure (Urban) 4.10% | 0.0033 
16,681 Schull, 1953 1948-1949 | Nagasaki (Urban) | 5.03% | 0.0039 


Sweden: 


) 843 Bask, 1956 1890-1946 | Parish of Pajola | 0.95% | 0.0008 
(Rural) 
281 Book, 1956 1890-1946 | Parish of Juno- | 2.85% | 0.0024 
suando (Rural) 
191 Bédk, 1956 1890-1946 | Parish of Muonio- | 6.80% | 0.0058 


nalusta (Rural) 


United States: 


8,000 Glass, 1950 +1935-1950 | Baltimore, Md. 0.05% — 
1,969 Steinberg, 1950 +1935-1950 | Rochester, Minn. 0.05% _ 
98 Herndon & Kerley, 1830-1849 | Watauga County, | 4.08% | 0.0030 
1952 N. C. (Rural) 
143 Herndon & Kerley, 1850-1869 | Watauga County, | 2.80% | 0.0035 
1952 N. C. (Rural) 
299 Herndon & Kerley, 1870-1889 | Watauga County, | 3.01% | 0.0055 
1952 N. C. (Rural) 
446 Herndon & Kerley, 1890-1909 | Watauga County, | 1.13% | 0.0021 
1952 N. C. (Rural) 
439 Herndon & Kerley, 1910-1929 | Watauga County, | 0.91% | 0.0018 
1952 N. C. (Rural) 
226 Herndon & Kerley, 1930-1950 | Watauga County, | 0.00% | 0.0006 
1952 N. C. (Rural) 


distant relations (table 1). The extremely low frequency of first cousin marriages in 
recent times in Utah is probably largely attributable to the state law in existence 
since 1907 prohibiting these marriages, as well as to the social stigma associated with 
them in certain segments of society. Twenty-nine other states have a similar law 
against the marriage of first cousins (Mackay, 1951). The Mormon Church has no 
doctrinal restrictions against the marriage of closely related persons. 

The law in many of the states against the marriage of first cousins often induces 
these individuals to travel to states other than their own to be married. For example, 
in the study of the ten geographical regions, two first cousin marriages occurred 
during the period 1940-1950. The individuals involved in one of the marriages were 
both Mormons from a rural area in Utah. The marriage was performed in New 
Mexico, which permits the marriage of first cousins. Four of the six first cousin mar- 
riages occurring in the Pacific Coast region from 1920 to 1939 involved Mormon rural 
residents of Utah and Idaho who were married in California, where the marriage is 
legal. This shows that estimates of the frequency of these marriages in a specific geo- 
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TABLE 6. FREQUENCY OF FIRST COUSIN MARRIAGES AMONG THE MORMONS AND THEIR 
RELATIVES IN THE UNITED STATES FROM 1930 To 1950 


Place Total Number of Marriages| (umber of First, | Percentage of First 


Within Utah 15,485 6 0.04 
Outside Utah 14,576 12 0.08 


Total 30,061 18 0.06 


TABLE 7. PRELIMINARY RESULTS OF COUSIN MARRIAGE RATES FOR WATAUGA COUNTY, NORTH 
CAROLINA FOR THE YEARS 1910 To 1950 (HERNDON AND KERLEY, 1952) 


First Second 
First Cousin | Second | Cousin Third i Fourth Total 

Cousin | Once | Cousin | Once | Cousin Cousin ” 

Removed Removed 


4 4 15 14 14 Si 
(0.91%) | (0.91%) | (3.42%) | (3.19%) | (3.19%) (11.62%) 


0 1 2 4 9 3 4 23 
(0.44%) | (0.88%) | (1.77%) | (3.98%) | (1.33%) | (1.77%) | (10.18%) 


4 5 17 18 23 3 4 74 
(0.60%) | (0.75%) | (1.80%) | (2.71%) | (3.46%) | (0.45%) | (0.60%) | (11.13%) 


graphic region, shown in table 4, especially in recent times due to the ease of trans- 
portation, may not reflect the frequency among the persons actually residing there. 

In the survey of the family group records, no attempt was made to distinguish 
whether the marriage partners were Mormons or non-Mormons. The Mormon 
people are now scattered throughout the United States, but the majority still reside in 
Utah and nearby states. With the exception of the western states during the times 
of the early history of the Mormon church when polygamy and geographical isolation 
played an influential role, it is doubtful if any significant differences have ever 
existed between Mormons and non-Mormons living under similar circumstances in 
the different parts of the United States in regard to the frequency of first cousin 
marriages. This is suggested by the similarity of the results of the present investiga- 
tion with those of Glass, Steinberg, and Herndon and Kerley. It should also be con- 
sidered in this respect that all the marriages recorded in the family group records oc- 
curring before 1830, and an undetermined number occurring since 1830, concern the 
non-Mormon relatives of converts. Although it has been mentioned that the converts 
to Mormonism have tended to come from Protestant families residing in rural areas, 
those estimates in table 4 that are based on ample data may be useful as estimates 
for the white populations living in the various geographic regions during the different 
periods of time, and not just for the Mormons and their relatives. 

The only other estimates of the frequency of first cousin marriages in a white 
population in the United States that are available for comparative purposes, besides 
those of Glass, Steinberg, and Herndon and Kerley, are those determined by Arner 
(1908) for the state of New York, previous to 1784, and for Ashtabula County, Ohio, 


Num- 
ber 
Period of 
Mar- 
1910- 439 -00176 
1929 | 
| | | 
1950 
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for the years 1811 to 1866. The estimate for the New York population, based on 
10,198 marriages, was 2.76 per cent, while the estimate for the Ashtabula County 
population, based on 13,309 marriages was 1.12 per cent. These estimates are much 
greater than those found in the present study during similar periods of time for the 
geographic regions including those areas. There is evidence that Arner’s estimates are 
too high. Arner counted marriage licenses and determined the number of marriages 
between persons with similar surnames. From a study of printed genealogical records 
he then estimated that about one-third of all marriages between persons with similar 
surnames were first cousins, and that marriages between first cousins with similar 
surnames constitute about one-fourth of the total number of first cousin marriages. 
These values were used in estimating the frequency of first cousin marriages in the 
two populations. 

In addition to the possible errors in the one-third and one-fourth values, which 
Arner recognized and discussed, another possible source of error which he apparently 
overlooked, was the assumption that the surname of the female appearing on the 
marriage license is always her maiden name. This assumption is not always true due 
to the high frequency with which divorced couples remarry each other. For the second 
marriage the female’s married name appears on the marriage license. The error in- 
volved would not be as large for the populations studied by Arner as it is at present 
due to the increased divorce rate in recent times (Bureau of the Census, 1955). The 
influence of this source of error can be demonstrated from the analysis of 12,268 
marriage licenses filed in Salt Lake County, Utah, for the years 1949 to 1953. Similar 
surnames appeared in 198 of these marriage licenses. Following the method of Arner, 
the estimate of the frequency of first cousin marriages would be 2.15 per cent, which 
is clearly much too large. Since 1919, persons applying for a marriage license in Salt 
Lake County have been required to record the names and places of birth of their 
parents. By checking these application forms and noting the bride’s maiden name, 
the number of marriages between persons where the male’s surname was similar to 
the female’s maiden name was reduced from 198 to 26. The difference between these 
two figures is due to the reconciliation of divorced couples. Clearly, marriage licenses 
by themselves are inadequate for a study of this type. One-third of 26, or about 9 
marriages are estimated to be between first cousins, and 4 X 9 = 36 is the estimated 
total number of first cousin marriages, using the values Arner derived from genealogy 
records. This gives an estimate of 0.30 per cent for the frequency of first cousin 
marriages. This is still not in agreement with the value obtained from the analysis of 
the family group records. 

Pedigree and family group records on file in the archives, plus other records, showed 
that 19 of the 26 marriages between individuals with similar surnames were not be- 
tween first cousins. Correspondence with the individuals involved in five of the other 
marriages resulted in the necessary genealogical information to demonstrate that 
they also were not first cousins. Conclusive evidence could not be obtained for 2 of the 
26 marriages, but the available information indicated that neither was a first cousin 
marriage. It is evident that the frequency of first cousin marriages between persons 
with similar surnames among the total number of marriages between persons with 
similar surnames is much lower in Salt Lake County for the years 1949 to 1953, than 
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the one-third value used by Arner in his studies of New York and Ashtabula County, 
Ohio. If it is assumed that 1 of the 26 was a first cousin marriage, it would be esti- 
mated, using Arner’s method, that 4 of the 12,268 marriages, or 0.03 per cent were 
between first cousins. Morton (1955) has summarized the data collected in Europe and 
Japan which indicates that for these populations, the frequency of marriages between 
first cousins is closer to 5 times, rather than 4 times, the frequency of marriages be- 
tween first cousins with similar surnames. Using the value of 5 as the correction fac- 
tor increases the estimate of the frequency of first cousin marriages to 0.04 per cent. 

The analysis of the marriage licenses for Salt Lake County for the years 1949 to 
1953 leads to two conclusions. The first is that Arner’s estimates of the frequency of 
first cousin marriage licenses for New York and Ashtabula County, Ohio, may be too 
high, and second, that the frequency of these marriages for recent times in Salt Lake 
County, which is the most densely populated county in the state, is extremely low, 
much lower than the 0.04 per cent value estimated for the whole state during the 
period 1930-1950. 

Although the data are not numerous for the classes in question, it appears from 
table 4 that the greatest frequency of first cousin marriages occurred in the South 
Atlantic states during the years following the Civil war. This supports the observation 
of Herndon and Kerley, who found that the highest rate of inbreeding occurred in 
Watauga County, North Carolina, during this time. An increase in these marriages 
also occurred in the East Central states, and to a slight degree in the Gulf states, 
during the years following the war. 

Considering all the regions as a group, the data indicate that the greatest frequency 
of first cousin marriages in the United States occurred during the period 1720-1759. 
This reflects the frequency value for the population living in the North Atlantic 
states. Since that time the frequency has dropped steadily. In general, on the basis 
of these data, the trend for the whole country has been the same as that for the North 
Atlantic states. 

The data show a large variation in the frequency of first cousin marriages from 
class to class in some of the geographic regions. For example, during the period 1800- 
1819, a relatively low frequency of these marriages was observed for the South At- 
lantic States. The frequency is much lower than that observed for the preceding and 
following periods. It is not known if this is due to sampling error, the movement of 
people preceding or following the War of 1812, or some other factor. The unexplained 
variation in some cases could be due to the shortcomings of the family group records. 
Extensive genealogical research by a convert or converts from a specific segment of 
the population would result in a large number of family group records concerning that 
segment of the population. Consequently a sample of records for marriages occurring 
in a given geographic region during a specific period of time could be biased in this 
respect. 

It is unfortunate that more is not known about the rate of inbreeding of the various 
segments of the population in the United States. Stern (see discussion of paper by 
Buzzatti-Traverso, 1950) has suggested that one important source of data would be 
the records of the Catholic Church. Cousin marriages are permitted among the mem- 
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bers only by special dispensation. A survey of their records for the different states 
should give the desired information. 
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SUMMARY 


The frequency of consanguineous marriages has been determined for the Mormon 
people and their relatives living in Utah and in ten geographic regions in the United 
States with the aid of genealogical records on file in the archives of the Genealogical 
Society of the Church of Jesus Christ of Latter Day Saints (Mormon), in Salt Lake 
City, Utah. In addition, nine rural communities in Utah and Nevada were surveyed 
for the frequency of consanguineous marriages among the present residents. It is 
demonstrated that the frequency of first cousin marriages in large segments of the 
population in the United States is surprisingly low (about .05 per cent) in recent years 
when compared with the frequencies for populations in other parts of the world, and 
that rural populations have a higher rate of inbreeding than urban populations. 
The frequencies of all types of consanguineous marriages in Utah are reported for 
different periods of time from 1847 to 1950, and for first cousin marriages in the 
United States for different periods of time from 1620 to 1950. 
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Congenital Deafness and Goiter 


R. DERAEMAEKER! 


WHILE STUDYING the occurrence of hereditary deafness in the province of Antwerp, 
we observed a family in which this condition was associated with goiter. Albeit a 
known fact that deafness may occur in association with hypothyroid conditions, 
the deaf cases in this family did not appear to have been caused by a thyroid dysfunc- 
tion. A review of the literature revealed five families in which a similar association 
was described (W. Russell Brain, 1927). 


THE PEDIGREE 


Until very recently, the family lived in one of the more remote parts of the province. 
As far as could be detected, there were no cases of either goiter or congenital deafness 
other than those to be described. Except for IV-5, IV-10, and IV-12, all members 
seemed normal. ITI-1 died from cardiac failure at the age of 69, IV-3 was killed during 
World War II, and IV-6 died of meningitis at an early age. 

IV-5 was born deaf in 1915. His physical and mental development was reported as 
having been “normal” for a deaf boy. At the age of 17 surgery was required for a 
marked enlargement of the thyroid, which had caused some respiratory discomfort 
but no other disturbances. 

Except for a small residue in the low tone area hearing was completely absent, 
while the vestibular function was found to be normal. 

IV-10, born deaf in 1924, developed normally until the age of 5. At that time, a 
moderately enlarged thyroid was observed, together with myxoedematous symptoms. 
The enlargement of the thyroid increased until an operation became necessary at 
the age of 16. 

Hearing and vestibular function corresponded to those of his brother IV-5. In 
addition, this boy developed a generalized ichthyosis at an unknown age. 

IV-12, was born deaf in 1930. He is reported to have had a normal physical and 
menta] development. In 1941, at the age of 11, his thyroid began to enlarge, especially 
on the left side, and two years later a thyroidectomy was required. 

Hearing and vestibular function were the same as in his two brothers. He also 
had a generalized ichthyosis from a very early age, but the age at onset is not known. 
The disease, however, was fully developed at the age of six when the boy entered a 
school for the deaf. Unfortunately, the hospital records were lost during the war, 
so that no information about the histologic aspects of the removed thyroid tissue can 
be given. 


DISCUSSION 


Of twelve children from a consanguineous marriage, three boys suffered from 
congenital deafness and goiter, and two of them presented a marked ichthyosis in 
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addition. The concurrence of these conditions may have been due to chance, to 
linkage of the genes for deafness, goiter and ichthyosis, or to a single gene with multi- 
ple effects. Before discussing these possibilities, let us first consider the families 
described by Russell Brain. 

Poplar family: three children, one girl and two boys, all born deaf and operated 
on for goiter. 

Plaistow family: six children, three boys and three girls. One boy and two girls 
were born deaf and had enlarged thyroids. 

Sheerness family: three children, one girl and two sibs of unstated sex, all con- 
genitally deaf and having enlarged thyroids. 

First Bethnal Green family: six children, three boys and three girls. Two of the 
girls were born deaf and had goiter. 

Second Bethnal Green family: five children, one boy and four sibs of unstated sex. 
The boy was born deaf and was operated on for a large adenoma in the left lobe 


By = Deafness and goiter 


lad = Ichthyosis 


Ficure I. Pedigree of a family showing goiter and deaf-mutism. 


and many adenomata in the right lobe of the thyroid. The other children were de- 
scribed as normal. 

None of these sibships had a known family history of goiter or congenital deafness 
and no statement was made regarding consanguinity of the parents. If these five 
families are considered with the one described in the present report, there have been 
15 cases of congenital deafness associated with goiter. 

As stated before, the association of goiter and congenital deafness in the same 
person may be due to chance, to linkage or to pleiotropism. If both goiter and con- 
genital deafness are regarded as the phenotypic expressions of two independent sets 
of recessive genes in a homozygous state, the probability of a person having both, 
one or neither of the conditions is given by the terms of the expanded binomial (p+ q)’, 
in which p is the probability of the normal condition, ie. ? and q = 1 — p, that 
of an abnormal condition, i.e. }. Consequently, the probabilities of having both, 
one, or neither of the diseases, are 1/16, 6/16 and 9/16, respectively. Hence, the 
chance of finding a sibship of twelve with 9 normal sibs and 3 sibs showing an associ- 
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ation of congenital deafness and goiter will be very small. There would be even less 
of a chance of finding five other families of different size, in which only normal mem- 
bers and persons with both diseases occur. It may be assumed, therefore, that this 
group of families is not one that represents a rare chance combination. 

A constant association of two or more hereditary anomalies in members of several 
families is evidence against, rather than for, linkage, especially when relatively 
rare characters are considered. One might say, of course, that our group of families 
does not constitute a statistically representative sample. It is entirely possible that 
there are some families in which goiter and congenital deafness occur separately in 
some members, and together in other members of the same sibship. It may be pointed 
out, however, that our search for such a family was in vain, although several were 
found in which goiter and congenital deafness occurred. 

Although we have no definite evidence against linkage, we feel justified on the basis 
of the present data to rule out this possibility. More probable is the third hypothesis 
which would explain the observed association as a pleiotropic gene effect. It is possible 
that the occurrence of ichthyosis in two members of the given family also represented 
a rare expression of the same gene, but the evidence in support of this theory is 
inconclusive. 


TABLE 1. THE DISTRIBUTION OF NORMAL AND AFFECTED CHILDREN IN SIX SIBSHIPS. 


Abnormal 
Family Total 


& 
Poplar 2 1 3 
Plaistow 2 1 — 1 2 — 6 
Sheerness 1 3 3 
Bethnal 1 3 1 6 
Bethnal 2 4 5 
Present 5 4 2 


TABLE 2. TEST OF GOODNESS OF FIT TO A SIMPLE RECESSIVE INHERITANCE. 


Size of Family Ho. of Suck Total Affected Expected (y) 
3 2 6 2.60 0.52 
5 1 1 1.64 0.59 
6 2 5 3.64 1.56 
12 1 3 3.10 2.02 
6 15 10.98 4.69 
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Hypothetically it may be stated, therefore, that in the families described, the 
association of goiter and deafness was apparently caused by a single gene with a 
pleiotropic effect. 


GENETIC ANALYSIS 


It would seem to be significant that in each of the pedigrees goiter and congenital 
deafness occurred in only one sibship. No cases of either condition were found in 
the other members of these families. Moreover, the parents were normal in all in- 
stances and in at least one instance they were related by blood. As shown in Table 
1, the traits are not more frequent in one sex than in the other. All these facts point 
in the direction of simple recessive inheritance, although the number of abnormal 
children is greater than would be expected as the result of a simple recessive gene. 
By means of Bernstein’s a priori method, however, the difference between observed 
and expected numbers is found to be smaller than 20 (Table 2). In view of the limited 
size of our data, therefore, the theory of a simple recessive gene cannot be precluded. 


SUMMARY 


1) A sibship is described in which three boys were born deaf and subsequently 
developed goiter. The parents were first cousins and there were no other cases of 
either condition in the family. 

2) A review of the literature revealed five other families with a similar symp- 
tomatology. 

3) On the basis of the available data it is assumed that the association of goiter 
and deafness in the given families is due to a pleiotropic gene effect rather than to 
chance or to linkage. 

4) This pleiotropic gene effect may be due to a recessive gene. 
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Tests of Models Representing Selection in 
Mother-Child Data on ABO 

Blood Groups 
T. EDWARD REED 
Department of Human Genetics, University of Michigan, Ann Arbor, Michigan 


INTRODUCTION 


WITHIN THE LAST DECADE, data indicating that the genotypes of the ABO blood 
groups differ in selective value have appeared from diverse sources, reflecting the 
increasing interest in this matter. Considering only selection operating before birth, 
the clinical recognition of A-B hemolytic disease of the newborn offers perhaps the 
strongest evidence for such selection (Levine, et al., 1953; Zuelzer and Kaplan, 1954; 
Reepmaker, 1955). Hemolytic disease and death of the fetus, due to ABO incompati- 
bility, has been reported (Garmier, 1953, a, b). Other data come from studies on 
abortions (e.g., Wiener, et al., 1949; McNeil, et al., 1954; Matsunaga, 1955) and 
parent-child combinations (Waterhouse and Hogben, 1947; Matsunaga, 1955; Kirk, 
et al., 1955, Haberman et al., 1955) while consideration (Brues, 1954) of the limited 
range of gene frequencies observed in many populations is indirect but suggestive 
evidence that selection is at work. Other studies have failed to demonstrate clear-cut 
selection when looked for (Boorman, 1950; Johnstone, 1954; Grubb and Sjostedt, 
1955; and references cited) and reconciliation of these differing results is usually not 
possible, due, in part at least, to differences in the populations studied. Kirk at al. 
(1955) have suggested that differences in mean mother’s parity may explain why some 
family or mother-child studies appear to demonstrate selection and others do not. 
The statistical analyses of the above data have mainly involved tests of the null 
hypothesis that there is no selection. Mathematical models representing possible 
modes of action of selection do not seem to have been tested. The large body of data 
on the frequency distribution of mother-child combinations presented by Kirk, et al., 
(1955), which contains good evidence of pre-natal selection, provides an opportunity 
to develop and test models representing various types of selection. This paper will 
describe, test, and discuss several different selection models using these data. 


THE DATA 


The 16,179 mother-child ABO combinations collected by Kirk, et al. appear to 
represent the largest published body of data of this type. These data on blood groups 
of mothers and their newborn infants were collected in a large hospital in Melbourne, 
Australia between 1944 and 1953. The observed numbers of the 14 mother-child 
combinations and the corresponding expected numbers of Kirk et al. are given in 
Table 6. These expectations are calculated from the mothers’ gene frequencies on 
the assumptions that (1) fathers have the same gene frequencies as mothers, (2) 
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there is random mating, but no selection, mutation, or migration, therefore the 
Hardy-Weinberg equilibrium obtains, and (3) each mother is counted only once. The 
hypothesis of no selection is clearly to be rejected, since chi-square for goodness of fit 
for the 14 mother-child combinations is 54.25 and has 11 degrees of freedom, probabil- 
ity being less than 0.001. From these and other observations the authors conclude 
that selection due to mother-child incompatibility is likely. 


SELECTION MODELS 


In consequence of the unlimited number of possible models and the appreciable 
labor required to estimate the parameters of each model in order to test its goodness 
of fit, it seems best to select models both for their simplicity and their @ priori suit- 
ability for explaining the observed data. The four models discussed below were chosen 
on this basis and, also, after the first model, on the behavior of previous models. The 
procedure followed in testing models was to express the frequencies of mother-child 
combinations as functions of gene frequency and selection parameters, and, by maxi- 
mum likelihood or minimum chi-square estimation, find the estimates of the param- 
eters which give the best fit of the observed distribution of mother-child combina- 
tions to the expected values specified by the model. The goodness of fit of the observed 
numbers to the expected numbers, using these parameter estimates, is measured by 
the probability of the chi-square. Maximum likelihood estimation was used in the 
first two models, employing the method of efficient scoring (Rao, 1952). This involves 
making trial estimates, finding the covariance matrix derived from these estimates, 
and calculating corrections to the trial estimates. Minimum chi-square estimation 
was employed in the last two models. 

Two main types of ABO selection were considered, (1) selection against all fetuses 
whose mother’s blood contains an antibody against an antigen present in the fetus, 
and (2) selection only against A or B fetuses in O mothers. The first type should be 
considered for generality, while recent data showing that mothers of infants with A-B 
hemolytic disease are almost always O suggests the advisability of testing the second 
type. The fertility of mothers of all groups, apart from blood group incompatibility 
selection, is assumed to be equal. 

In addition to the a priori expectation of pre-natal selection against certain geno- 
types, there is a definite possibility that some of the AB infants were misclassified as 
B. Bryce et al., (1950), who reported on part of the present data, mention this possi- 
bility. Furthermore, in all of the selection models considered below, as well as in the 
“model of no selection” tested by Kirk et al. (1955), the expected frequency of the 
mother A-child AB combination (E,.,4s) is always greater than E,.p, and is 
always greater than E,.,. The observed data show the opposite relations, as would 
be expected if appreciable misclassification occurs. If these expected inequalities are 
correct, the probability that the observations deviate as they do is less than 0.01. 
A parameter for the proportion of AB infants misclassified as B was therefore intro- 
duced into some models. 

MODEL ONE (M;): This model assumes selection against the fetus in all incompatible 
(ie., O-A, O-B, A-B, A-AB, B-A, B-AB) mother-child combinations. The relative 
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TABLE 1. FREQUENCIES OF MOTHER-CHILD COMBINATIONS FOR THE HYPOTHESIS OF NO 


SELECTION OR MISCLASSIFICATION (Mo) AND OF MopEt ONE (M;) 


Mother 
Child 
Oo A B AB 
O Mo pr? qr 
0 
pr qr? 
M =< ps 
Ti Th Th 
A Mo pr? p(p? + 3 pr + r) pqr pq(p + r) 
M, p(p? + 3 pr + pqrVu pq(p + r) 
Ti Ti Tl Ti 
B Mo qr? pqr q(q? + 3 qr + 1) pq(q + r) 
M, parVi1 q(q + 3 qr + pa(q +») 
AB Mo pq(p + r) pq(q + r) pq(p + q) 
0 
Mi pq(p + r)Va pa(q + pq(p + q) 
Ti Ti Ti 


p, q, and r are frequencies (different for each model) in adults of genes A, B, and O respectively. 
Vi2 and V2 are relative viabilities of fetuses (or embryos or zygotes) in the indicated combinations. 
T; = 1 — p(i — p)? (1 — Vu) — q(1 — q)? (1 — Vai). 


viability of A and AB fetuses (“‘fetus” is here used to include “embryo” and “‘zygote’”’) 
in mothers having anti-A is Vu, that of B and AB fetuses in mothers having anti-B 
is Vx, and all other fetuses have a relative viability of unity. No misclassification is 
assumed. Hardy-Weinberg equilibrium in adults is assumed. Mother-child expecta- 
tions are given in Table 1, p, g, and r representing the frequencies of genes A, B, and O 
respectively. (Subgroups of A are not considered.) 

MODEL TWO (Me): In addition to the pre-natal selection assumed in Model One, 
the corresponding parameters now being designated by Viz and V2, this model also 
allows for the possibility that the post-natal viabilities of the three heterozygotes, 
AO, BO, AB, may differ from the homozygotes, these relative viabilities being repre- 
sented by Si, S2, and S3, respectively. Misclassification is assumed possible, x repre- 
senting the proportion of AB infants misclassified as B, but Hardy-Weinberg equi- 
librium is not assumed. Random mating is assumed. All calculations, in this model 
only, are in terms of genotype frequencies. Genetic equilibrium, i.e., no frequency 
change over one complete generation, is assumed, again, in this model only. Fre- 
quencies of mating types and of mother-child combinations are given in Tables 2 
and 3. 

MODEL THREE (M;): This model assumes that pre-natal selection may occur only in 
O mothers, the relative viability of A fetuses in O mothers being V;; and that of B 
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TABLE 2. RELATIVE FREQUENCIES OF MATING TYPES IN MODEL Two, WHEN SEX IS 


SPECIFIED 
Mating* Relative Frequency Mating* Relative Frequency 
AA X AA c = fia? BB X BB n = fab? 
AO d = fia(1 — a)S; BO o = f3b(1 — b)S2 
BB e = fifsab AB p = fofsbS; 
BO f = ffsa(1 — b)S2 00 q = fefsb 
AB g = fifsaS; BO X BO r = — 
h= AB s = fof3(1 ~ b)S2S3 
AO X AO i = fi(1 — a)3s? 00 t = fefd(1 — b)Se 
BB j = f\f.(1 — a)bS, AB X AB u = §S3 
BO k = fife(1 — a)(1 — b)S,S2 00 v = Ss 
AB 1 = fifs(1 — a)S,S3 00 x 00 w=ff 
0O m= f,f,(1 a)S; 


* The frequencies at birth of phenotypes A, B, AB, and O are fi, f2, fs, and fs respectively. The 
proportions of A infants and of B infants which are homozygous are a and 6 respectively. The rela- 
tive post-natal viabilities of AO, BO, and AB individuals are S,, S2, and S; respectively, while that 
of the three homozygotes is unity. 


TABLE 3. FREQUENCIES OF MOTHER-CHILD PHENOTYPE COMBINATIONS IN MODEL Two.* 
(Eu.c = EXPECTED FREQUENCY OF THE INDICATED MOTHER-CHILD COMBINATION; 
x = PROPORTION OF AB INFANTS MISCLASSIFIED AS B; OTHER VARIABLES ARE 
DEFINED IN TABLE 2.) 


Mother 

Child 

re) A B AB 
4m + 4t + | + hk + 4m tk + ir + it 0 

Ww 
A Vie(h + 4m | c+ 2d + 4f + 4g + | + 2k + 3s) ig +41 +is+ 

+ 4v) Ju+4v 

+ 4m 


B Ve2(q + 4t 
+ 4v) 


AB 0 


+ 4k + 2) + 


XEa-aB 


(1 — x)Vac(e + $f + 


4g + 4j + 2k + 2) 


4) +n+20+4pt+ 
q+tik+iar+ 
3s + + 


(1 — x)Vic(e + 3j + 
4p + 4f + ik + 4s) 


41+ dp + 48+ 
+ 


(i — + + 
3p + is + 4u) 


* When a, b, x, Vi, V2, Si, S2, and S3 are maximum likelihood estimates, the sum of these fre- 


quencies is unity. 


fetuses in O mothers V23. AB misclassification is assumed possible and, as in Model 
One, Hardy-Weinberg equilibrium in adults is assumed. Nothing is specified about 
post-natal selection. Mother-child expectations are shown in Table 4. 

MODEL FOUR (M,): This differs from Model Three only in assuming that in O mothers 
selection against A fetuses is equal to that against B fetuses. As is shown later, V1; 
ind V»; do not differ significantly and therefore it is appropriate to consider a model 
which assumes that they are equal. Expectations are given in Table 4. 

The assumptions made in these four models are summarized in Table 5. 


CI 


bir 


A 
EB 
A 
= 
TA 


TABLE 4. FREQUENCIES OF MOTHER-CHILD COMBINATIONS FOR MODEL THREE (M3) 
AND Mopet Four 


Mother 
Child 
o | A B AB 
o | M,| pr qr? 
T; T; 
| 0 
pet art 
Ti “Ty 
A M; | prVis p(p? + 3 pr + 1°) pqr pq(p + r) 
Ts Ts Ts Ts 
My | prv, p(p? + 3 pr + 1°) pqr pq(p + r) 
Ts Ts Ts 
B | qrVes | 1lpqr + xpq(p + 1[q(q?+3qr+r) | 1[pq(q +r) + xpq- 
Ts Ts Ts +xpq(qq+r)] | Ts (p + q)] 
Ms| | 1lpqr + xpq(p 1[q(q?+3qr+r) | 1[pq(q +r) + xpq- 
T | Ts + xpq(qtr)) | Ts (p + q)] 
AB | M; (1 — x)pq(p + r) (1 — x)pq(q + 1) (1 — x)pq(p + q) 
Ts Ts Ts 
0 
My (1 — x)pq(p + r) (1 — x)pq(q + r) (1 — x)pq(p + q) 
Ts Ts Ts 


x = proportion of AB infants misclassified as B. 

Vis, V23, and V4 are relative viabilities of fetuses (or embryos or zygotes) in the indicated com- 
binations. 

T; = 1 — pr*(1 — Vis) — qr2(1 — Vos). 

T= 1-—rp+ q(1 — V,). 


TABLE 5. ASSUMPTIONS MADE IN THE FOUR SELECTION MODELS. ALL MODELS ASSUME RANDOM 
MATING AND, APART FROM SELECTION DUE TO BLOOD GROUP INCOMPATIBILITY, EQUAL FERTILITES 
OF ALL MATING TYPES. MopDELs ONE, THREE, AND FouR ASSUME HARDY-WEINBERG EQUILIBRIUM 
IN ADULTS BUT MODEL Two DOES NOT 


Mother-child Com-| Pre-natal Selection Genetic Equilibrium|  Post-natal 
Model binations in Which| Due to Maternal | Misclassification of Some| (No Frequency | Viabilities of AO, 
Pre-natal Selection | Anti-A Relative to AB Infants as B Change Over 1 BO, and AB 
May Occur That of Maternal Generation) Individuals 
Anti-B 
One O-A,O-B, A-B, | Not assumed | Assumed not to oc- | Not assumed Not consid- 
A-AB, B-A, equal cur ered 
B-AB 
Two | O-A,O-B,A-B,| Not assumed | Assumed possible; | Assumed Estimated 
A-AB, B-A, equal amount of mis- 
B-AB classification es- 
timated 
Three | O-A, O-B Not assumed | Assumed possible; | Not Assumed | Not consid- 
equal amount of mis- ered 
classification es- 
timated 
Four | O-A, O-B Assumed equal | Assumed possible; | Not assumed Not consid- 
amount of mis- | ered 
classification es- 
| timated 
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TABLE 6. OBSERVED AND EXPECTED NUMBERS AND COMPONENTS OF CHI-SQUARE FOR MOTHER-CHILD 
COMBINATIONS FOR THE HYPOTHESIS OF NO SELECTION OR MISCLASSIFICATION (Mo) AND FOR FOUR 
SELECTION MODELS. EXPECTED NUMBERS IN (Mo) ARE FROM KirK ET AL. (1955), CALCULATED FROM 
MOTHERS’ GENE FREQUENCIES 


Mother 
oO A B AB 
Obs.//Exp. | | Obs.//Exp. | § > > 
O Obs. 5,334 _ | 1,879 _ | 539 
Exp.: ay 
Mo 5,172.32 | 5.05 | 1,862.30 | 0.15 | 529.77 0.16 
Mi 5,325.15 | 0.01 | 1,885.73 | 0.02 | 539.30 0.00 
M2 5,363.55 | 0.16 | 1,870.62 | 0.04 | 514.39 | 1.18 0 
M; 5,301.45 | 0.20 | 1,888.07 | 0.04 | 526.16} 0.31 
My 5,301.17 | 0.20 | 1,887.97 | 0.04 | 526.13 | 0.32 
A Obs. 1,754 _ | 4,124 218 | 273 
Exp.: 
Mo 1,862.30 | 6.30 | 4,115.30 | 0.02 | 190.75 | 3.89 | 259.42 | 0.71 
Mi 1,763.52 | 0.05 | 4,125.50 | 0.00 | 178.60 | 8.69 | 258.60 | 0.80 
M; 1,814.62 | 2.03 | 4,105.92 | 0.08 | 174.03 | 11.11 | 271.58 | 0.01 
M; 1,753.36 | 0.00 | 4,144.82 | 0.11 | 187.39 | 5.00 | 254.12 | 1.40 
My 1,760.37 | 0.02 | 4,144.60 | 0.10 | 187.38 | 5.00 | 254.11 | 1.40 
B Obs. 497 218 | 681 226 
Exp.: 
Mo 529.77 | 2.03 190.75 | 3.89 | 698.11 | 0.42 | 210.28 | 1.18 
Mi 490.81 | 0.08 173.80 | 11.24 | 708.67 | 1.08 | 210.31 | 1.17 
M2 486.57 | 0.22 201.79 | 1.30} 700.84 | 0.56 | 233.08 | 0.22 
M; 496.83 | 0.00 228.56 | 0.49 | 721.37 | 2.26 | 219.80 | 0.18 
My 490.57 | 0.08 228.55 | 0.49 | 721.33 | 2.26 | 219.79 | 0.18 
AB Obs. 185 _ 167 84 os 
Exp.: 
Mo 259.42 | 21.35 | 210.28 | 8.91 | 88.22 | 0.20 
Mi 235.35 | 10.77 | 196.68 | 4.48 | 86.97 | 0.10 
0 198.61 | 0.93 | 165.15 | 78.24/ 0. 
M; 212.95 | 3.67 | 172.61 | 0.18 | 71.51 | 2.18 
212.94 | 3.67 | 172.60 | 0.18} 71.51 | 2.18 


RESULTS OF TESTS AND INFERENCES ABOUT RELATED MODELS 


The expected number and the component of chi-square for each mother-child 
combination in each model are given in Table 6. Estimates of parameters, chi-square 
for goodness of fit, degrees of freedom, and probability for each model are given in 
Table 7. It is convenient to list the results with respect to assumptions made about 
selection and AB misclassification of infants. The hypothesis of no selection and no 
misclassification (Mo) has already been considered and rejected. In addition to giving 
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TABLE 7. EsTIMATES* OF PARAMETERS AND VALUES OF CHI-SQUARE TESTING GOODNESS 
OF FIT, FOR THE HYPOTHESIS OF NO SELECTION OR MISCLASSIFICATION 
(Mo) AND THE FOUR SELECTION MODELS 


Relative pre-natal 
Gene Frequencies viabilities. (i = model | of AB in- , De- 
Model number) fants mis- | Chi- grees | Proba- 
classified | square | of free-| bility 
asB dom 
q r Mi Vai x 
Of | .246,193 | .070,035 | .683,772 | assumed | assumed | assumed | 54.25 | 11 |<0.001 
unity unity zero 
. 243,314 | .069,585 | .687,101 | .935,194; .910,092) assumed | 38.50 9 |<0.001 
zero 
Calculations are in terms of -955 488) .915,764) .139,112) 18.28 2 |<0.001 
genotype frequencies. See 
below. 
3 .244,706 | .068,193 | .687,101 |.928,650 | .944,249| .162 16.02 8 0.042 
4 .244,706 | .068,193 | .687,101 -932 ,412 162 16.12 9 0.064 


* Estimation in M3 and M, was by minimum chi-square and is somewhat less accurate than in 
preceding models, although adequate for testing goodness of fit. Estimates are given as calculated 
but in practice those for Vii, Vsi, and x should be read to the nearest thousandth. 

¢ Gene frequencies calculated by Kirk et al. (1955). 

In Model Two a = .152,603, 6 = .049,031, S,; = 1.001,890, S2 = 1.007,754, Ss; = 1.144,750. 


results of tests of the four selection models, some inferences about certain related but 
untested models are made. These inferences are not rigorous, but seem reasonable in 
the present preliminary stage of model-testing. 

SELECTION, NO AB MISCLASSIFICATION: Model One has a chi-square for goodness of 
fit of 38.50, with 9 degrees of freedom. If this model were correct, the probability of 
obtaining as poor, or worse, a fit is less than 0.001. It is clearly to be rejected. Noting 
that the fit in large cells, including the three with O mothers, is very good and that 
the postulated pre-natal selection in A and B mothers involves small cells with large 
chi-square components, it seems probable that a similar model which assumes no 
misclassification but does assume pre-natal selection in O mothers only would also 
have a high chi-square. 

AB MISCLASSIFICATION, NO SELECTION: This possibility was tested by a model not 
discussed above. Since the gene frequency estimates used by Kirk et al. are those of 
mothers and are not affected by AB misclassification of infants, one can use their 
expectations to solve for the value of x which minimizes the sum of chi-square com- 
ponents of the 6 cells which can be affected by AB misclassification. This value was 
found to be 0.174,063 and, using this value, chi-square for the 14 cells is found to be 
29.55 for 10 degrees of freedom, giving a probability of 0.001. This possibility is also 
rejected. (In all selection models gene or genotype frequencies are estimated from 
the joint mother-child distribution, not from mothers alone.) 

SELECTION AND AB MISCLASSIFICATION: Model Two has a chi-square of 18.28 but 
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only 2 degrees of freedom (11 parameters are estimated), so that the probability is 
less than 0.001. This model and its parameter estimates must also be rejected. Three 
degrees of freedom were lost by not assuming Hardy-Weinberg equilibrium and 3 
were used in estimating the post-natal viabilities of heterozygotes. A selection model 
assuming (1) the same mode of intrauterine selection, (2) Hardy-Weinberg equilib- 
rium, (3) AB misclassification, and not considering post-natal selection, would have 
8 degrees of freedom. Since 6 fewer degrees of freedom would be used in fitting 
parameters its chi-square would exceed 18.28. Even if it were only 18.28, the proba- 
bility would be less than 0.02. 

Model Three has a chi-square of 16.02 for 8 degrees of freedom, giving a probability 
of 0.042. The relative viabilities of A fetuses in O mothers and of B fetuses in O 
mothers were estimated (to the nearest thousandth) to be 0.929 and 0.944 and the 
proportion of AB infants misclassified as B is estimated to be 0.162. 

Model Four has a chi-square of 16.13 for 9 degrees of freedom, giving a probability 
of 0.064, highest of any model tested. The estimate of viability is 0.932. Of AB infants, 
0.162 are estimated to be misclassified as B. 

Since the parameters of Models Three and Four were estimated by minimum chi- 
square, standard errors are not available. The order of magnitude, however, should be 
given by the standard errors found in Models One and Two where estimation was 
by maximum likelihood. (In Model Two, only a, 6, and x were directly estimated by 
maximum likelihood; the f’s are directly estimated; five equations are available 
for estimating the other five parameters.) Standard errors of the relative viabilities of 
fetuses affected by maternal anti-A and of fetuses affected by maternal anti-B, in 
Model One, are 0.022 and 0.035 respectively. This order of magnitude indicates that 
Vis and V3 of Model Three do not differ significantly so that it is proper to test Model 
Four, where they are assumed equal. The standard error of x, the proportion of AB 
misclassification, in Model Two, is 0.026. 


DISCUSSION 


A factor contributing to the relative success of Models Three and Four in agreeing 
with observations was the assumption that about 16 per cent of AB infants were mis- 
classified as B. The fact that these models agree better than those not assuming such 
misclassification is suggestive, but, of course, not conclusive evidence in favor of 
this assumption. As mentioned previously, the present data provide more direct 
evidence for this possibility from the relative numbers of the A-AB, A-B, B-AB, and 
B-A mother-child combinations, deviations from the expected relationships (which 
assume no misclassification and are independent of selection parameters in the 
models considered) being significant and in the direction to be expected if this mis- 
classification occurs. Independent evidence on this point comes from the observations 
that (1) in adults incorrect grouping of some AB blood as B is one important source 
of error (see, for example, Ikin et al., 1939; Wiener, 1943; Roberts, 1953; Mourant, 
1954; Drummond, 1956), due, at least in part, to a depression of A antigen titer when 
B antigen is simultaneously present (e.g., Thomsen and Kettel, 1929; Ikin et al., 
1939; Olbrich and Walther, 1941; Mollison, 1951), and (2) the antigen titer of infants 
is usually markedly weaker than that of adults (e.g., Kemp, 1930; Wiener, 1943; 
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Tovey, 1945). Bryce et al. (1950), when reporting on a part of the data of Kirk et al. 
(1955), stated that there was a possibility of misclassifying some AB infants as B, 
but they did not give further information on this point. In view of these various 
considerations, it seems probable that misclassification of some AB infants did occur 
in the present data; this is assumed in the discussion below of other aspects of the 
models. To retain perspective here, it may be well to note that if the estimated 16 
per cent AB misclassification did occur, this would result in misclassifying only about 
one-half per cent of all infants in the sample. 

The value 0.064 for the probability of chi-square for goodness of fit of Model Four 
gives an over-all measure of the success of this best-fitting model, with all its assump- 
tions, in explaining the observed distribution. It is clear, however, that an incorrect 
selection model is only one of a number of possible events which can impair the fit. 
In particular, the assumptions of random mating and Hardy-Weinberg equilibrium 
are often suspect in population data; they are in the present data. Kirk et al. state 
that about 17 per cent of the mothers in the more recently collected part of the present 
data had non-English names, many being recent immigrants. These mothers have a 
blood group distribution differing significantly from that of mothers with English 
names, in particular, having a high B frequency. In addition, Bryce et al. (1950) 
give ABO distributions for two adult non-mother Australian populations, both of 
which depart significantly from Hardy-Weinberg equilibrium, while a number of 
other large populations, such as those reported by Dobson and Ikin (1946), do not. 
Apart from deviations from random mating and Hardy-Weinberg equilibrium, it 
would not be surprising if other biases had an appreciable effect in a sample of 16,000 
mother-child pairs. It is possible that, in a more homogeneous population, Models 
Three and Four would have larger goodness-of-fit probabilities. 

The fact that a better fit was obtained in models assuming selection only in O 
mothers seems significant in the light of recent studies on A-B hemolytic disease of 
the newborn. In 14 and 42 such cases, respectively, Wiener et al. (1949) and Zuelzer 
and Kaplan (1954) found that all mothers were O, and in 144 cases Reepmaker (1955) 
observed that 140 of the mothers were O. Also, in a large study of unselected newborn 
infants and their mothers, Rosenfield (1955) observed that of 39 mothers whose ABO 
incompatible infants has a positive direct antiglobulin test not due to Rh or other 
non-ABO antigens, 38 were group O. Although these data give no information about 
fetal loss, they are very suggestive and, like Models Three and Four, may indicate 
some selective difference between O mothers and A or B mothers. 

A comparison of the estimate of Model Four for the selective disadvantage of A 
and B fetuses in O mothers, 1 — V4 = 6.8%, with estimates of other workers is diffi- 
cult for at least two reasons: (1) the possibility of real differences between the popula- 
tions studied, and (2) the possibility that, on the average, the degree of selection 
increases with the number of pregnancies a woman has had. Evidence for the second 
possibility was found by Kirk et al. (1955), who point out that this may explain why 
some studies demonstrate selection and others do not. Thus the mean number of 
children (mean mother’s parity) of mothers in family studies or mother-child studies 
reporting evidence of selection (Waterhouse and Hogben, 1947; Matsunaga, 1955; 
Kirk et al., 1955; Haberman et al., 1955) exceeds two, while the mean in studies not 
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finding selection (Boorman, 1950; Johnstone, 1954) was less than two. Bennett and 
Brandt (1954) have criticized the study of Waterhouse and Hogben (1947), an 
analysis of data on families of A-O and O-A father-mother combinations from twelve 
different sources, on the grounds that there is heterogeneity between sources with 
regard to segregation ratio. Bennett and Brandt did not exclude the possibility that 
this heterogeneity could be due to the joint effects of mother’s parity on selection and 
of heterogeneity between sources in mean number of children. If their method is 
used, it is found that the group of six studies having the lowest mean number of 
children does not have a significant deficiency of A children from the mating father 
A X mother O, while the group of six studies having the largest mean number of 
children does show a significant deficiency. Furthermore, within these two groups, 
there is no heterogeneity in segregation ratio. 

It seems, therefore, that pre-natal selection can often be demonstrated when the 
mean mother’s parity exceeds two but that the degree of selection may vary with 
parity. Estimates of the deficiency of A children from father A X mother O matings, 
25 per cent according to Waterhouse and Hogben and 23 per cent according to Mat- 
sunaga (1955), who analyzed pooled Japanese data, should be regarded as tentative 
until the effect of mother’s parity has been considered. It is interesting to note here 
that the very extensive American study of Haberman et al. (1955), on 37,814 mother- 
child pairs, appears to resemble the present data with regard to degree of selection. 
Like the present study, this study is based on data obtained in a maternity hospital. 
The exact mean mother’s parity has not been reported, but it seems unlikely to differ 
much from the mean of 2.5 in the data of Kirk et al. (1955). If one uses the ratios 
(Na-o boas No.a)/Na-o and (Ns-o - No.s)/Np.o; where the N’s are the observed 
numbers of the indicated mother-child combinations, as rough measures of pre-natal 
selection, the values (4814-4357)/4814 = 0.095 and (1167-1097)/1167 = 0.060, 
respectively, are found for the data of Haberman et al. Theformer value is significantly 
different from zero but the latter is not, although it deviates in the direction expected. 
The corresponding ratios for the data of Kirk et al. are 0.067 and 0.078. 

If there is pre-natal selection of the order of 7 per cent against A and B fetuses! 
in O mothers, this selection will produce a decrease in frequency of genes A and B and 
an increase in O, these changes being about 0.1 per cent. If there is to be no gene 
frequency change over one generation, there must be some form of compensating 
selection, perhaps in post-natal viability or in fertility of certain genotypes. Very 
small selective advantages could be sufficient to offset the pre-natal selection. It is 
possible, of course, that the gene frequencies are slowly changing but this possibility 
has not been demonstrated. 

In conclusion, the author emphasizes that the models presented in this paper are 
only preliminary approaches to a mathematical representation of pre-natal selection. 
They are very simple, neglecting factors such as mother’s parity and possible fertility 


1 “Fetus” in this paper is used to include “embryo” and “zygote.” It is clear that other pre-natal 
selective mechanisms, such as selection against sperm, could also account for the observed data. 
Therefore it is preferable to consider these selection estimates as referring only to the end result of 
whatever selection processes may be at work, without specifying a particular developmental stage 
or selective mechanism. 
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differences independent of incompatibility selection, and other models might have 
been tested in their place. The models have value, however, insofar as they test 
specific hypotheses of interest. The author suggests that the procedure of testing 
specific selection models with large bodies of data may be useful in other studies of 
selection. 


SUMMARY 


Four mathematical models, representing possible modes of pre-natal selection with 
respect to ABO blood groups, were tested for goodness of fit, using the data of Kirk 
et al. (1955) on 16,179 mother-child blood group combinations. The best-fitting 
model, with a goodness-of-fit probability of 0.064, assumes that maternal selection 
against incompatible fetuses (or embryos or zygotes) can occur only in O mothers 
and, also, that some AB infants may be misclassified as B. For this model the estimate 
of the relative viability of A and B fetuses in O mothers is 0.932 and the estimate of 
the proportion of AB infants misclassified as B is 0.162. These tentative findings are 
discussed in the light of recent data on pre-natal selection in the ABO blood groups. 


The author expresses his appreciation of profitable discussions with C. C. Craig, 
D. E. Lamphiear, and W. J. Schull. 
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Essays in Biochemistry 


Edited by Samuet Grarr. New York: John Wiley and Sons, Inc., 1956, pp. x + 345, 
$6.50. 


TWENTY-SEVEN biochemical essays by as many biochemists, all “former students or academic 
associates” of Professor Hans Thacher Clarke, were written to honor him on the occasion of 
his retirement as chairman of the Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University. There can be no doubt that Professor Clarke deserves this 
token. In addition to the national and international leadership he provided from one of the 
major chairs of biochemistry during the fruition of this science, he evidently exerted a warm 
and sustaining force on his associates. Their affection and esteem for him can be sensed 
between the lines of the chemical and biological essays. The reader is offered an opportunity 
to understand the reasons for this attitude by the appropriate inclusion of a handsome and 
life-like color portrait of Professor Clarke, which serves as a frontispiece. 

Because the book is dedicated to him in a half-page preface, largely used as an apologia on 
the collection which follows, it honors him by a quality of understatement. Readers who were 
never associated with Professor Clarke might, therefore, appreciate learning who he is and 
what he has done. He was born in Harrow, England, of American parents, and took his 
undergraduate work at University College, London. After doing graduate work at the Uni- 
versity of Berlin as an 1851 Exhibition Scholar, he returned to England to continue a promis- 
ing academic career in organic chemistry at University College when World War I began. 
He published the books, Organic Analysis (1911) and Introduction to the Study of Organic 
Chemistry (1914). With the outbreak of the war, he moved to this country to work as research 
chemist at the Eastman Kodak Company and remained there until 1928, when he undertook 
the position from which he is now retiring. 

His contributions to World War II as special assistant to the director of the Office of 
Scientific Research and Development are suitably recorded in The Chemistry of Penicillin 
(1949), the tome documenting the far flung researches which brought that word into common 
use and the compound to all who needed it. Divers other editorial roles, presidencies of 
societies (characteristically of the chemical American Society of Biological Chemists, 1947— 
49, and of the medical Harvey Society, 1942-44), as well as interludes such as scientific 
representative of the State Department in London, 1952, and memberships in numerous 
societies and committees attest his ability and stature. For the present purpose, the most 
relevant facts are his own terse characterization of his special field as the ‘‘chemistry of bio- 
logical compounds,” and his collection and administration over the years of what was 
numerically and qualitatively the greatest assembly of topflight biochemists in a single 
institution. A sample of these have written short essays about what they are doing or 
thinking. 

Although Essays in Biochemistry is said to “survey the present status of biochemistry,” 
this is true only to the degree that the essayists are representative of the science as a whole. 
Another view is that these pieces give us a special school of scientists—“the Hudson River 
School of biochemistry,” which “strives for the precise determination, atom by atom, of the 
molecular structure and the molecular function of the components of the living cell” (Borek). 
Before we can accept this judgment, we should again raise the question of the sampling: Why 
were these twenty-seven essayists included, and not several times as many who have equally 
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tenable claims? What are the professor’s views on this particular representation of his 
‘school’? When one considers the task of the editors in collecting such pieces from active 
scientists, it seems likely that this book is less than what the editors intended and more than 
what we could have gotten without them. It is a gratuitous production, not a definitive sur- 
vey of the science or of the school, and its value lies in its being readable and informative. In 
this it is successful. 

- This volume presents one of the rare opportunities for the nonspecialist to find out what 
some of his biochemical colleagues are doing. The biochemist has been poaching in many 
areas of biology, and his bag is recorded in gruesome detail in special journals and reiterated 
in monographs, reviews, annual reviews, advances and possibly even in “advances of ad- 
vances.” Rarely is an accounting made to the landowners. 

About every ten years, for one reason or another, a group of biochemists have given us a 
book which is more like a vacation folder than a detailed map of the science. The present 
volume fits into the tradition of these earlier books, e.g. Chemistry in Medicine, edited by 
Julius Stieglitz (1928), Perspectives in Biochemistry, edited by Needham and Green as a 
presentation to Sir F. Gowland Hopkins (1937), and Currents in Biochemical Research, 
edited by D. E. Green (1946). The present book contains articles which will be forgotten 
within the year and others which will be quoted for many years. It will undoubtedly serve as 
a sort of peculiarly detailed course in biochemistry for the uninitiated, just as its predecessors 
have done. 

A variety of elaborations on the primitive task of the biochemist, the description of the 
“chemistry of biological compounds,” is included. As befits the school wherein Schoenheimer 
and several contributors to this book launched the first systematic use of isotopes in bio- 
chemistry, long before the side-reactions of the atomic bomb made this methodology popular, 
the present sophistication of this technique in the hands of masters is ably detailed by Bloch, 
Shemin, Sprinson, the Stettins, and Hoberman. “Some Metabolic Products of Basidio 
mycetes” (Anchel) and “The Veratrum Alkamines” (Wintersteiner) provide the sort of 
listings which awe the non-chemist. The non-taxonomic biologist may be more interested in 
the description of other sorts of biological compounds, like those audaciously investigated by 
people who realize “that there is little sense in treating living and growing tissue merely as the 
starting material for the isolation of well-behaved crystalline substances” (Chargaff). The 
battle plan for the elucidation of the detailed chemical structure of proteins is outlined by 
Stein. 

It is clear that nothing is sacred to these people, who in at least four separate articles 
describe their chemical attacks on the genic material, DNA. Zamenhof gives an excellent 
review of the chemical approaches to the study of the still hypothetical “working gene” or 
hereditary determinants as chemical substances. A hopeful report by Bendich describes his 
attempts to fractionate DNA by chromatography. The components sought are of course the 
genes themselves. They will be recognized, when isolated, as discrete biological transforming 
factors for bacteria, the unique “bioassay” for what are probably genes. The geneticist will 
welcome the concise review by Evans of the biochemistry of bacterial viruses, since genes and 
viruses have much in common. This similarity or identity is implicit in the phenomenon of 
lysogeny described by Borek, and becomes explicit in the experiments of a biological chemist 
virtuoso: S. S. Cohen, who describes in “Unbalanced Growth and Death” experiments with 
bacteriophage and purine-less mutants whereby the distinction between viruses and genes is 
blurred and one becomes the other. 

There are essays here to interest the student of the usual and of the esoteric. The often 
forbidding nature of the subjects is moderated by a freedom of style. The release of inhibitory 
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editorial restraints so onerous in the scientific publications in this particular field have had a 
salutory effect on the writers, even to the extent that concepts on a grand scale have not been 
gainsaid [“‘. . . we set forth a comprehensive hypothesis on the nature, the cause, and the cure 
for cancer” (Graff)]. It is comforting to be reminded again that at least some scientists can 
write in a fluid and engaging manner about their specialties, while retaining their scientific 
standards. The reader will appreciate, as will Professor Clarke, that these were essays written 
voluntarily by a microcosm of biochemists for a laudable purpose and to good effect. 

W. EucENE Knox 

Harvard Medical School 

Boston Massachusetts 


Eredita e localizzazione morbose 


By U. TEoport, A. BoRGHI AND G. G. NERI SERNERI. Pisa: Edizioni “Omnia Medica’’. 
1955, pp. 246, L2000. 


Tuts book, Heredity and the Localization of Diseases, is an outgrowth of work done in as- 
sociation with A. Lunedei for a paper entitled “‘Aspects of the Problem of the Localization of 
Diseases” presented at the LV Congresso de Medecina Interna. It is a compilation of 
material from the literature as well as of personal observations and investigations. 

The book is divided into eight chapters, each with a summary and appropriate bibliog- 
raphy. These are: The importance of heredity in the concept of constitution and of diasthesis; 
Hereditary factors in the “status dysraphicus” as a cause of malformations in varying loca- 
tions; Genotypic asymmetries as factors in the localization of pathologic processes; Genetic 
factors in the localization of infectious diseases; Hereditary factors in the allergic diastheses; 
Genetic predispositions towards rheumatic diseases and their localizations; Genetic aspects 
in arteriosclerosis and hypertension with particular regard to certain localized manifestations; 
Genetic factors and the localizations of tumors. 

The authors in a final summary attempt to indicate the direction in which they believe 
future research must be directed to further this aspect of genetics. 

It is not possible for this reviewer (whose field is radiology) to comment intelligently on 
the competence of the exposition or the validity of the conclusions drawn (although some 
seemed rather far-fetched or unduly sweeping). It may well be this same lack of familiarity 
with the language of genetics which caused certain phrases, sentences and paragraphs to seem 
obscure and involved. One example among many might be cited. After discussing the term 
“diasthesis”, they say (in one sentence), “In summary, diasthesis must be characterized by 
the intensity, the polyvalence, and the heritability of a predisposition; in other words, there 
must be evident a particularly intense constitutional predisposition to manifestations of 
diseases of various types and locations, but related among themselves by their association 
in the same individual or in the same family and referable to a common pathogenetic denom- 
inator.” 

The book, which is paper-bound, seems well-printed with only an occasional typographical 
error and here and there an example of inaccurate spelling of the name of an authority cited. 
It would appear to be of chief value to those interested in this restricted field, being too 
specialized to interest the average medical reader, however attracted he might be by the 
promise held out by the title. 


G. J. D’ANcIo 
Children’s Medical Center 
Boston, Mass. 
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Genetics, the Modern Science of Heredity 


By Epwarp O. Dopson, Philadelphia, W. B. Saunders Company, 1956, pp. VI-329, 
$6.50. 


Accorpinc to Dodson, introductory textbooks of genetics fall into two groups. In the first 
group are texts for use in “elementary” introductory genetics courses in which the student’s 
interest is primarily cultural rather than professional. The second group of texts is designed 
for the relatively more “advanced” introductory courses whose students are, for the most 
part, professionally interested in genetics. Genetics, the Modern Science of Heredity, does not 
fit into either group. Indeed, its author has attempted to design his book to appeal to a broad 
student population. 

In so doing he has written a text which is readable and which is provided with some excel- 
lent examples to emphasize his points. There are many good illustrations, both drawings and 
photographs, and the book as a whole is well designed. 

A vast amount of genetic territory, ranging from basic Mendelian principles to the mo- 
lecular structure of dioxyribonucleic acid is covered in this book. Unfortunately, several 
important discussions have been made quite brief. This is noticeable, for example, in the 
chapters on the physiology and the theory of the gene. Certain of these discussions may be too 
brief to satisfy the more interested students. On the other hand, the student wishing to 
acquire only a speaking acquaintance with the subject may be confused by the presentation 
of very brief discussions of a vast amount of what is highly specific information. The short 
discussion of the structure of dioxyribonucleic acid is an example of this. 

In his attempt to range widely in the field of genetics, Dodson has included some examples 
which must be well justified if they are to be used in an elementary text. For example, he has 
included the work of Moewus on sexuality in Chlamydomonas which, in light of recent ex- 
tended attempts to verify it, has been proven to be, for the most part, incorrect. 

On the whole Dodson has done a good job of providing a picture of modern genetics, but 
in his attempt to appeal to students at several levels of interest, he has given us a hybrid 
between the elementary text primarily for non-biologists and the text for biology students. 
Only time will tell whether this original idea is pedagogically practical. 

R. P. Levine 
Harvard University 


The Human Heredity Handbook 
By AmRAM SCHEINFELD, Philadelphia: J. B. Lippincott Co., 1956, pp. 267, $3.95. 


TuHoseE who have read “The New You and Heredity” are familiar with Mr. Scheinfeld’s flair 
for presenting genetic fact and theory at the popular level. “The Human Heredity Hand- 
book” appears to be a revised and condensed form of the author’s previous book, rearranged 
into a “handbook” format for easy reference. 

The factual reporting is, on the whole, good, although it hardly justifies the claim that it 
includes “‘all the important facts about heredity which science has so far discovered’””—what 
275-page book could? The interested layman will find here an easy-to-read bird’s-eye view of 
what genetics means to the man-in-the-street, with accuracy only occasionally sacrificed to 
simplicity ; for instance eye-colour still is used as an example of simple Mendelian inheritance. 
The physician, or other professional worker, who might use the book as an aid in specific 
counseling problems will find much useful information, but must beware of the occasional 
misstatement. Some of these are a reflection of the biased picture of the genetics of a disease 
that one often gets from the literature, where the striking pedigree tends to be published, but 


the 
‘ ‘oc 
usu 
nev 
it o 
tior 
acc 
to 
ina 
cha 
by 
sex 
“Pp. 
ris] 
of | 
glo 
clit 
Ple 


BOOK REVIEWS 273 


the sporadic case does not. For example, polydactyly is stated to be ‘‘usually dominant” 
whereas in the reviewer’s experience it usually is not, and achondroplasia is stated to occur 
“occasionally” in the offspring of normal parents, whereas, actually this appears to be the 
usual situation. Other inaccuracies arise simply because the field is developing so rapidly that 
new information arising after this book was written has rendered some of the statements in 
it obsolete. For instance, in the section on erythroblastosis, the types due to iso-immuniza- 
tion involving systems other than Rh are considered “rare”, though in fact, the ABO groups 
account for over one-tenth of all cases of this disease. 

The book begins with a section on the elementary genetic principles and their applicability 
to humans. The style is light, and sometimes whimsical, thus we have “bully” genes (dom- 
inant), “busy-body” genes (pleiotropic) and “Rip van Winkle” genes (late onset). A series of 
chapters on normal human physical characteristics, and on pathological conditions is followed 
by discussions of mental traits (intelligence, talent, behavior, personality, criminality, and 
sexual behavior). Human evolution, and the races of man are briefly considered. A chapter on 
“Parenthood Problems” discusses counseling in a reasonable manner (though some of the 
risks for a “repeat” defective child presented in the table seem unduly high) and the question 
of eugenics is also dealt with in a creditably conservative way. In the appendix there is a 
glossary of technical terms, a list of suggested further readings and a list of human heredity 
clinics in North America. The reviewer cannot resist pointing out one minor factual error. 
Please, Mr. Scheinfeld, McGill University is not in Toronto! 

F. C. FRASER 
McGill University, 
Montreal, Canada. 


Letters to the Editor 


September 25, 1956 


To the Editor 
Dear Sir: 


Atomic energy will become a tool available to man for power production. Unless properly con- 
trolled, however, it can bring more harm than good to our society. In order to prevent the harm, 
scientists must determine as accurately and quickly as possible just how radiations from the radio- 
active materials can get to man. The knowledge should then be used as a means to convince the 
public that society must provide adequate control of the radioactive materials in order to enjoy the 
potential benefits with danger held to a minimum. 

Everyone in our population knows that an atomic bomb brings destruction, distress, and death. 
News articles about the bomb probably have caused most individuals to have a feeling of fear and 
insecurity. As time passed, though, the average man learned to accept the danger as just another 
hazard of life, something to live with. The attitude is common in every day life. Man has shrugged 
aside the dangers and unnecessary destruction associated with changes in transportation methods. 
We must hope that he will not become hardened to the dangers from radioactive materials. 

As radioactive materials are used for the development of power, mankind will face a potential 
danger from radiation which could affect more people than would the explosion of several bombs. 
No civilized nation can afford to ignore the potentiality. Gene mutations induced by the radiations 
may remain hidden for generations. Their harmful effects may be so slight on individuals that detec- 
tion of the changes is not made until it is too late for preventive measures to be set up. Geneticists 
should assume the responsibility of advising the public about the dangers and urging them to insti- 
tute proper controls. The task will not be easy. Non-geneticists who understand that irradiation 
induces mutations have been conditioned to think in terms of gross abnormalities rather than the 
equally important minor mutations that effect reduced viability and fecundity. 

The general public has had little opportunity to learn about radiations and mutations. Many do 
not know that radioactive materials as well as X-rays can induce mutations, and that small amounts 
of radiation given intermittently over a period of years will cause genetic effects among descendants 
equivalent to those resulting from the same total dose given over a short period of time. Geneticists 
must inform and convince the public that for all practical purposes any mutation is harmful and 
that minor mutations which reduce life expectancy and fertility can be as damaging to society as 
severe defects are to individuals. Publicity will have to be used with caution to prevent overenthusi- 
asm that might prevent the use of radioactive materials for power. 

The hardest task will be to get public recognition of the danger our descendants face from minor 
mutations. Most individuals who see a friend or stranger in distress will readily give aid. Destruc- 
tion in a geographically distant area may create sympathy but probably will not lead to spontaneous 
action to give aid. The more remote effects from radiation ‘which will appear later, in some future 
generation, will also seem somewhat unreal to the average man. He will not think seriously about 
contro] unless scientists repeatedly speak about the danger to man, giving supporting data even 
though they may be little more than intelligent guesses. The use of propaganda to accomplish con- 
tro] should not be considered. 

Geneticists have another duty to perform for society. Our knowledge about human genetics is 
very incomplete. Investigations that should be carried out often will be tedious; returns will be slow; 
economic rewards will be poor. Yet for the sake of future generations the studies should be made. 
As members of society many geneticists must undertake this labor. 

C. P. OLIVER 
The University of Texas 
Austin, Texas 
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September 10, 1956 


To the Editor 
Dear Sir: 


There will be no disagreement among geneticists about the fact that even very low levels of 
radiation can have serious effects because there is no mimimum amount of radiation which must be 
exceeded before mutations occur. The more radiation, the more mutations. All geneticists will agree 
that the dose of radiation should be kept as low as possible. The medical use of X-rays should not 
exceed what is consistent with medical necessity. 

The report did not, it seemed to me, pay enough attention to the uation of unjustifiable uses 
of irradiations. A personal family experience may be helpful in illustrating this. On our return from 
the First International Congress of Human Genetics our baggage was glanced at by a customs officer 
and passed without comment. However, on our departure from the customs shed we were asked to 
stand, momentarily, before a large box-like apparatus behind which there was an operator. I assume 
that we were searched by fluoroscope. My wife and I have completed our reproduction and there- 
fore had no objections to this treatment but later it occurred to us that we should not have per- 
mitted the children to submit to this. If the search is done routinely, the losses to the nation result- 
ing from the occasiona] mutation will more than offset the financial gain resulting from the detection 
of the occasional smuggler. 

Should there be an all-out atomic war mankind would be destroyed in many areas of the world. 
If this disaster over-takes us the discussions of genetic damage will be somewhat academic. At 
present, however, the damage due to experimental radiations is relatively small and probably worth 
accepting in exchange for the peaceful uses of atomic energy which are coming to us as a result of 
the original military interest. It seems to me that one of the greatest long time benefits which might 
come from the present excitement about the molehill of mutations produced by military tests is the 
possibility that some interest will arise regarding the mountain of mutations which has been present 
in our germplasm for ages past. 

SHELDON C. REED 
Dight Institute for Human Genetics 


September 1, 1956 
To the Editor 


Dear Sir: 


As was to be expected from the calibre of the men who served on the committee, the report is 
excellent. It is carefully and thoroughly thought out, and is presented in a very clear and logical 
manner. There are only two comments which I would make. 

First, the report uses such terms as “harmful genes” and “genes which are deleterious”. On 
numerous occasions I have expressed my disagreement with such a concept, pointing out that epi- 
thets of such nature apply not to the genes themselves, but only to their effects in specified environ- 
ments. 

Second, although the report “is only indirectly concerned with the social and economic aspects”, 
I find it most difficult to appraise the report in the absence of these aspects. It is to be hoped that 
social scientists will soon be drawn into the discussion so that the broad scope of the natural and 
social sciences may be integrated into a mosaic: an event which I consider essential for the presenta- 
tion of a complete and meaningful picture. 

LAURENCE H. SNYDER 
University of Oklahoma 
Norman, Oklahoma 


September 27, 1956 
To the Editor 


Dear Sir: 


At the time of the discovery of new sources of radiations from atomic fission, a good deal of informa- 
tion on certain experimental organisms, as well as a general theory of radiation genetics were avail- 
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able, but marked gaps in both fact and theory were apparent. There were no secure data by which 
risks from radiation could be extrapolated from lower forms to mammals and man, and, on the 
theoretical side, no proof of the actual physical mechanism by which mutations were induced. 

It was against this background that study commissions were appointed by the United States 
Nationa! Academy of Sciences and the British Medical Research Council to prepare the reports on 
radiation hazards which have now been issued. They reach, in respect to genetic effects of radiations, 
results which are essentially similar. 

The primary problem in each case has been to assess the hazards, for future generations, of in- 
creases in the mutation rate to which human populations may be subjected by increased exposure to 
radiation from a variety of sources. There are two assumptions implicit in each report: (1) that in- 
duced mutations are qualitatively the same as spontaneous ones, and thus merely add quantitatively 
to the total number of mutations in the population: (2) that the fate of a mutation in a population 
depends primarily on its effect when homozygous. Both of these assumptions are open to serious ques- 
tion. In fact the testing of these two assumptions constitute two of the essential problems in the field 
of radiation genetics, although this is not recognized in either report. 

Since the spontaneous mutation rate is not known directly for any human population, both reports 
adopt the device of estimating the additional dose of radiation which would be required to double the 
existing rate, whatever it may be. The British and American geneticists estimate that citizens of 
these countries now receive during the first 30 years of life, from all sources a total average dose of 
3-4 roentgens to the reproductive cells, of which fall-out from present testing programs contributes 
about 0.26 roentgens. Both reach an estimate of 30 to 80 roentgens over the first 30 years per person, 
as the additional dose required to double the present rate of mutation. 

It is these doubling estimates that determine the recommendation for protecting future genera- 
tions from mutation damage due to increased radiation; it is thus necessary to examine them more 
closely. Both reports present them frankly as informed guesses. The British report cites the sources of 
experimental evidence on which their guess is based. The evidence is derived from three plant and two 
animal species, of which one is an insect, Drosophila; the other is a mammal, the laboratory mouse, 
on which work for this purpose has only recently been started. There is no evidence from man, and 
human mutation risk figures have thus to be obtained by extrapolation. The uncertainty of the 
method is recognized by both groups. Since Drosophila for many years provided most of the evi- 
dence, it tended to be used as a standard. But there is a recent report that mouse spermatogonia 
produce about 15 times as many mutations per unit of radiation as do the comparable Drosophila 
cells (Russell, W. L., 1956. Amer. Nat. 90: 67). This is based on tests of only seven genes which may 
not be representative, but, in general, there seems little doubt that mammals are more sensitive to 
radiation than insects. This leaves the problem of extrapolation from mouse to man, and for this 
there is no real solution at present except to get more and better data from experimental mammals. 

The real difficulty, however, comes in extrapolating from mutation rates to estimates of genetic 
damage to populations. This is because the eventual effect of increases in the mutation rate depends 
on two factors which are virtually ignored in the reports. One is that the effects of mutations depend 
not merely on the number of mutations, but on their qualitative character as well. The second is that 
the effects depend upon factors governing the biological structure of the population as determined 
essentially by its past responses to evolutionary forces acting upon it. The chief of these is natural 
selection. 

The implicit assumption that radiation-induced mutations are like those which occur spontane- 
ously is open to question. There is evidence that a large category of mutations induced by ionizing 
radiations represents losses of function, less reparable, on the whole, than those arising spontaneously. 
It cannot be assumed without further evidence that both face the same evolutionary fate. 

There is now a good deal of evidence from experimental populations that many mutations with 
deleterious effects when homozygous are retained in the population because they increase the fitness 
of those members who carry only one deleterious allele, that is, of heterozygotes. Thus it is not the 
homozygous effects of radiation-induced mutations (which are prevailingly deleterious) but a 
general theory of population structure which must be taken into account in any extrapolation from 
radiation effects upon mutation frequency to ultimate effects upon the fitness of the population as 
a whole. 
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Although the reports I have cited mark a milestone in bringing to public view the relations be- 
tween public policy and research in radiation genetics, it is obvious that they are beginnings only. 
Next steps should deal with implementation. Those concerned with research can be most readily con- 
ceived and carried out, for methods and guiding principles are available, and thanks both to what the 
reports say and what they omit, we know now where some of the chief gaps in our knowledge lie. 
One of these is how populations, and not only individuals, react to increased mutation-frequency. 
This is intimately related to the evolutionary forces which form the genetical structures of popula- 
tions. In filling this gap, experimental populations can serve as models by which principles rather 
than applications can be tested. In addition to the rapidly breeding forms such as Drosophila, we 
can move closer to human models by dealing with mammalian populations especially of laboratory 
rodents. Of these the house mouse is most suitable because of its short generation time and the ad- 
vanced state of knowledge of its genetic system. 

But it is data concerning the fate of new mutations in populations that is needed, and not only 
measures of mutation rate. 

Extrapolation from mouse to man is probably less risky than from animals or plants lower in the 
evolutionary scale. The justification for this is found in evolutionary considerations. A species may be 
conceived as a community of genes, derived by common descent, circulating now and in the past by 
reproductive communication within the species. The genes of related species give many indications 
of having common properties. We can therefore, in a properly limited sense, deal with genes like 
human ones which are accessible in other mammalian species. 

Implementation in terms of public policy is more difficult and will depend on how long a view of 
the human future is to be encompassed. For the long view we must await the outcome of observations 
on populations in the above sense; for the short view, the safest assumption at present is that the 
best level of controllable radiation is none at all. 

L. C. Dunn 
Columbia University 


Oct. 30, 1956 
CORRECTIONS 


The following corrections should be made in the paper by Steinberg and Morton, in 
Volume 8, Number 3. 

1. Page 180: denominator in the first equation should be 16° 

2. Page 183: In Family 28, replace L(A) with S. 
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